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Optimisation Studies in a Batch Pharmaceutial Plant

ABSTRACT
This thesis outlines a collaborative project between industry and academia based on
a short term research contract.
In the past in Eli Lilly, process optimisation in a multi-purpose, modular building had
been mainly confined to equipment commissioning and new product development. It
was necessary to embark upon an exercise to develop an optimisation programme m
order to meet the increased requirements and demands of the building. Increased market
demands, through the introduction of over-the-counter (OTC) drugs, and the demand
for cycle time reduction through the expiry of existing patents, made the needfor
optimisation inevitable.
The purpose of this thesis is to show by case study examples how significant process
improvements were achieved by identifying problem areas and implementing changes
under a change management system. This system ensured that safety, environmental
and product quality aspects are also investigated.
Capacity and performance tests were carried out to determine where the bottlenecks
were and then modifications and additions were designed to remove them. At an
early stage, the need for a well-defined base case was identified. This led to an initial
identification of the data requiredfor the investigations. Four unit operations were
identified as cycle time offenders. These units involved separation techniques
including centrifugation, drying, catalyst filtration and liquid-liquid extraction.
This thesis consists of distinct chapters in which each unit is investigated in detail.
Key features of the problem and solution approach are highlighted and alternative
technologies solutions are discussed where appropriate.
Overall the project was successful. From a technical perspective, many different
alternatives for process improvement were investigated.
Cycle time reductions in the order of 33% leading to cost savings ofIRP £1.2million
were realisied. Improvements to the environment and operator health and safety have
been made.
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CHAPTER ONE

Introduction To Optimisation

Chapter One - Introduction to Optimisation

1.1 THE COMPANY
Eli Lilly S.A,-Irish Branch is the Irish affiliate of Eli Lilly and Company, a research
orientated company that sells human health products, cosmetics and agricultural
products in more than 130 countries. The home office of the company is located in
Indianapolis, Indiana, U.S.A. The company base in Ireland is at Dunderrow in Co.
Cork, located approximately three miles from Kinsale town. It currently employs
about 300 people, mostly from the surrounding locality.

The site mission is to serve fill-finish customers, in global markets, with final bulk
products. The plant is also involved in scale-up and validation of new products for
clinical trials, registration and product launch. The facility makes intermediate and
final products for both Human and Animal Health divisions of the company, primarily
serving customers outside the USA, but product is also manufactured for the American
market.

Manufacturing varies from dedicated facilities, where only a single product is
produced, to multi- product campaigned equipment. Production scale ranges widely
from 8,000 litre reactors to small laboratory scale production. Computer systems
monitor each production step through detailed process recipes. This technology
enables the safe and controlled manufacture of products, assuring quality, through
automation.

The site is divided into three production areas. IE2 - this is a small scale production
area producing anti-cancer drugs. Development work for new reactions that use less
raw material and produce less waste is also investigated here. There are two large
scale production buildings, IE3 and IE8. IE3 is dedicated to the production of both
Ceclor^, one of the most widely used antibiotics in the world, and a veterinary drug.
In IE8 there are three production rigs, each separately contained, allowing three
distinct processes to run simultaneously at any time. Two rigs, the Intermediate and
Technical rigs, produce intermediate step products that are transformed into the
finished product on the Final Bulk rig. A total of seven finished products are produced
in this building, including Prozac" an anti-depressant drug, the third largest selling
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pharmaceutical world-wide. Other products include an anti- inflammatory, an
antibiotic, a heart medicine and drugs for osteoporosis, schizophrenia and animal
health. Finished product can be made up of several intermediary stages, and a total of
twenty stages are run in this building. Market demands dictate how much of each
product is produced and production is scheduled around this demand. This means that
the products are run on a campaigned basis, a certain number of batches are produced
on the chosen equipment rig, the rig is then cleaned to remove traces of the product,
and prepared or “turnaround” for the next product.

1.2 PROCESS OPTIMISATION

Optimisation can be defined as the planning or preparation of plans for industrial
production in order to secure maximum efficiency. From a business standpoint this
efficiency normally means increased productivity or throughput i.e. same quantity and
quality in a reduced time. It is vital that a company actively tries to improve its
operations to retain a competitive edge. With the expiry of patents, and the onset of
over-the counter-drugs (OTC), companies can no longer afford to rest on their laurels.
They need to ensure that products are produced faster to meet the demands of growing
markets, and to compete with other companies by keeping prices low. Research and
development may produce new drugs, but these require equipment and production
time. Optimising the throughput on existing products, ensures that new "wonder"
drugs can be manufactured on existing equipment rigs, without high capital
expenditure for new equipment, operating personnel etc.

Production at Eli Lilly is run in a continuous batch-wise way. The production of a
product involves a number of distinct unit operations. Each operation takes a certain
length of time:- its residence time. The sum of the processing time for each unit is the
total processing time for the product. The unit with the longest processing time
determines the cycle time. This operation is termed the "bottleneck" of the process.
The cycle time of th product is measured in terms of how often a batch is charged to
the system. It is pointless to improve the operation of a unit, if this does not translate
to a reduction in the overall cycle time. By identifying the bottleneck equipment and
improving its processing time, the overall cycle time is reduced. Once the offending
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equipment has been optimised, the existing bottleneck may still remain, or it may have
shifted to another unit. If the bottleneck remains where it was, it will have a lesser
effect on the cycle time, but it is still essential that the downtime on this equipment is
kept to a minimum. If the bottleneck has shifted, efforts must be re-focused on the
new cause and the optimisation procedure is carried out once more.

1.2.1 OPTIMISATION BENEFITS
Cycle time is an important issue in achieving maximum efficiency. The realistic
benefits achieved through its reduction are that customer demand is satisfied in a
shorter time, there is a reduction m production costs because less rig time is occupied,
and there is an opportunity for the introduction of new product lines without the cost
of new equipment. As any modification made is evaluated under the change
management system outlined in section 1.2.3, it ensures that any benefits achieved are
not at the expense of the safety of the operations or injury to the environment. These
are legitimate issues that also need to be addressed. It is by including these in an
optimisation study, that true benefits may be achieved.

1.2.2 RESTRICTIONS ON THE STUDY
Optimising on a plant scale level can be daunting. It was therefore decided to
concentrate efforts within the campaigned building of fES. Due to the nature of IE8,
with a high number of product turnarounds, process optimisation was receiving less
attention than in the other dedicated production buildings. The emphasis had been
placed on keeping the processes running rather than looking at improving the existing
set-up. Any beneficial changes to the operation of the equipment would be shared with
the other production buildings if relevant. Any processing changes would be
communicated to other Lilly sites world-wide.

At the end of any campaign, there is a cleanup or turnaround, where the rig is cleaned
of the previous product to certain specifications and prepared or tumed-around for the
next product. The improvement of these areas is not covered in this study. This study
concentrates on improving the uptime of each rig.
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Another restriction arises from the registration of the product. The registration
document covers the main processing steps of each product. The manner in which this
is written limits the extent of the optimisation carried out. For example; “the product
is extracted in three stages using toluene”. This means that any optimisation study
must focus on using toluene as the solvent, even if a more suitable solvent is found,
and that the toluene must be contacted with the feed in three stages. Any deviation
from this document requires the re-registration of the product. This could take several
years because of the approval process. It was therefore decided to work within the
confines of the registration document and this was consulted before any study was
undertaken.

1.2.3 CHANGE MANAGEMENT SYSTEM
Optimisation of a unit operation or equipment item implies that there was a planned,
permanent alteration or replacement of an established standard, or a change in the
method of operation. The change should be an improvement upon the existing
situation. This improvement usually results in economic benefits due to cycle time
reduction. However before any change was made, it had to be proposed, reviewed,
justified, documented, approved and implemented in compliance with regulatory and
corporate requirements.

Change management is a systematic method of documenting change to a
manufacturing process, for two main reasons. Good Manufacturing Practices (GMP)
requires a system to manage change, and change management also ensures regulatory
compliance with the Food and Drug Authority (FDA), Health and Safety Authority
(HSA), and the Environmental Protection Agency (EPA). Validation procedures also
require change management.

The change control procedure allowed all areas which may have been affected by the
change to be addressed. These included the identity, strength, quality or purity of the
product, safety of operations and environmental impact. The procedure also acted as a
control system that ensured that certain activities were carried out prior to
implementation. For example: ensuring a HazOp was completed, completing a training
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exercise for operating personnel /engineers, updating existing procedures, carrying out
a plant trial or pilot plant trial, getting prior regulatory approval, revalidating the
process etc.

For all changes proposed throughout this study, it was necessary to carry out either a
pilot plant or plant trial. These trials needed to be formally evaluated. Initially
approval was given for trial only. Once completed, the proposed change had to be
evaluated in detail using supporting data from the trial submitted to the appropriate
area personnel. This allowed for a review and approval of the recommendations from
the trial and determined whether the proposals would be implemented or rejected. The
level of approval varied with the type of change under consideration. If the change
was thought to affect product quality, additional laboratory analysis had to be carried
out to show that the potency or impurity profile of the product had not altered.
Different reviewers and approvers were needed depending on the type of change e.g.
Quality Control approval signified that regulatory commitments had been met.

For all plant trials. Quality Control ensured that the impact of the change on the final
product had been evaluated before completing the Batch Disposition on the lots in
question. When a plant trial was carried out on an intermediate - the final product
from that intermediate was not released until the change disposition had been
approved.

The whole procedure was quite lengthy and time consuming but it was an essential
part of the overall study and ensured that the impact of every change made was fully
evaluated, approved and documented for future reference and for external auditing
purposes.

1.3 OPTIMISATION PROCEDURE
The optimisation study needing planning to ensure that certain procedures were
followed in a logical order. Firstly the bottlenecks in each process were identified and
unit operations were chosen for the optimisation study. The next step was to
understand the operation method that was in use at the time, the role the unit operation
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plays in the overall process and its effect on downstream processing. Then it was
necessary to identify and define the limitations of the study and the achievable aims.
The objective was invariably an economic one. For a chemical process, the overall
objective for an operating company would be to maximise profits. This gives rise to
sub-objectives, such as minimising operating costs by maximising yield and reducing
labour requirements, and operating in a safe and environmentally friendly manner.

Fig. 1.1 Optimisation Procedure
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The area under review was researched and improvement options were formulated and
ranked based on economic considerations. Under the change management system,
either a pilot plant or plant trial was approved. Based on the findings and
recommendations of this trial, the change was implemented if it was economically
attractive or if it was necessary to comply with certain regulations. The
implementation stage was followed by an assessment stage as laid out in the change
management system.
1.3.1 UNIT OPERATIONS

Despite the number of different products produced, the processes involved are
generally quite similar, with a typical production route shown in Fig. 1.2. The
production processes generally involve mixing chemical compounds with organic
solvents, the biggest difference between these products being in the ingredients. Raw
materials and solvents are added together and react under controlled agitation,
temperature and pressure for a specified time. The product generally undergoes
several separation and concentration stages until it is isolated as a wet solid by means
of centrifugation. A dryer then removes any excess solvent and the product is ready to
either undergo further processing steps to produce a finished product or be stored for
sale. The bottlenecks of the frequently run processes in IE8 were identified and are
shown in Table 1.1.
Equipment Rig

Bottleneck Unit Operation

Intermediate Ri^ Processes
A1
A2
A3
B1
B2
B3
B4
Cl
C2

Centrifuge /Drv ing
Hydrogenation/Extraction
Extraction/Distillation
Centnfuge /Drying
Centrifuge /Drying
Centrifuge /Drying
Centrifuge /Drying
Centrifuge /Drying
Centrifuge /Dry ing

Technical Ri^ Processes
D1
El

Distillation/Centrifuging
Distillation

Final Bulk Rig Processes
A4
C3
D2
E2

Centrifuge /Drying
Centrifuge /Drying
Centrifuge /Dry ing
Centrifuge /Dry ing

Table 1.1 Bottlenecks for Each Process
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Fig. 1.2 Typical Production Route

The processes were divided up into rigs. Centrifugation and drying were shown to be
the main contributors to cycle time for each process across all three rigs. It was clear
that the operation of these units needed to be investigated. As the same basic
centrifuge model was used in all three rigs, any improvement made to one centrifuge
would be more easily translated to other centrifuges/products. Optimising centrifuge
operation would yield significant cycle time improvements. This is dealt with in
chapters two and three.
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Liquid-liquid extraction was identified as a bottleneck in two processes (A2,A3) and
was the direct cause of the bottleneck in a third process (Dl) through the introduction
of excess solvent which then had to be distilled off This is discussed in chapter four.
Optimisation of the above three unit operations would lead to cycle time
improvements and in the case of liquid-liquid extraction, would lead to environmental
benefits through the use of less solvent.

As detailed in chapter five, the aim of improving the catalyst filtration operation was
to provide increased levels of containment. This would reduce operator exposure to
solvent, product and catalyst and had environmental benefits due to less fugitive
emissions. The optimisation did yield some economic benefits in the form of reduced
manpower requirements and cycle time reduction. However the monetary benefits
gained by the installation of an alternative system did not justify the capital cost. The
main optimisation benefit in this case was from a health and safety standpoint.

All of the operations involved separation techniques. Some processes had several
bottlenecks as a number of its unit operations had matching processing times.

1.3.2 TRIALS

After a change had been proposed, it was tested and evaluated to determine the
effects it had on a number of areas. Two types of tests were carried out;- plant trials
and pilot plant trials. Plant trials were used if the change affected existing equipment,
for example, the mode of operation of the equipment. Plant trials were carried on all
centrifuging and drying operations. Pilot plant trials were carried out if different
equipment was to be used for catalyst filtration and liquid-liquid extraction.

Why Pilot Plant Testing?

Selecting, specifying or designing equipment from basic principles alone can be
unsound. Often it is better to test the model on a pilot plant scale before making a
commitment to purchase, especially in the case of high capital outlays. Most suppliers
now either rent equipment so that tests can be performed onsite, or provide facilities
where the tests can be carried out by the supplier using material from the customer .
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It is better to perform the test in-house if possible for a number of reasons. Firstly to
ensure that the equipment works, secondly to gain a better understanding of how the
equipment operates and thirdly to modify the design to suit a particular application. In
order words, a " hands on " approach. Sometimes process guarantees will only be
given by the suppliers subject to trials. In the case of the extraction equipment
outlined in chapter four, this was essential because the difficult -to-predict aspects of
the system could only be pinned down through pilot plant study. Another advantage of
this approach is that it allows quality of the product produced using the new
technology to be checked and compared to the quality normally produced. This is of
particular importance to the Quality Control Department.

The keys to effective pilot tests

Following a few simple rules will ensure that the pilot-plant work yields good results
with minimum difficulty and cost.

Clean Equipment:

First the equipment used should be as clean as possible. This includes not only the
hired equipment but also the drums in which the materials are stored. It is necessary
to ensure that all material of construction is compatible with the solvents and feed
mixture. The supplier should provide a complete history of the equipment and the
application it was used for. They should supply cleaning documentation that the
equipment is cleaned to a certain specification i.e. ppm clean of product. If the
quality of the product is to be tested this is essential so that test results are not
misleading. The equipment on hire should also be cleaned once it arrives on site with
appropriate solvents .

Process-material source

If at all possible, use feed and solvent from the actual operating plant that is to receive
the new extraction equipment. Synthesised materials should only be used as a last
resort and if used for the extraction equipment for example, a design factor would
have to be added to the scale-up. Usually due to economic reasons, the amount of
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material available for the test is limited, so it becomes essential to define specific
aims and stick rigidly to them.
Good Planning

In order to keep the cost of the test to a minimum and gain as much information as
possible, it is best to define the specific aims of the test. It is also helpful to know
what parameters are under investigation and the quantity and type of information that
IS

necessary to ensure effective scale-up. It is essential to clarify early in the

development stage whether any laboratory or bench scale tests are required to aid
either the trial or scale-up procedure. It has already been stated that it is better to
perform the test in-house if possible, however it is essential that the person carrying
out the tests has a thorough understanding of the equipment. Usually onsite technical
advice is available for start-up of the equipment. This should be used if available and
close contact with the supplier prior to and during the trials is essential to the test.
They must be aware of the objectives of the trial and are therefore in a position to
offer advice appropriate to the client’s needs. A water/solvent run should be
performed by the tester to gain a working knowledge of the equipment and to ensure
that it is operating correctly.
Hazard and Operability Study

This should be performed in order to determine the safety and environmental aspects
of the trial. It is beneficial to have the process engineer, chemist and operator at this
meeting. This should be held a few weeks in advance of the trial so that all matters
can be dealt with effectively before the trial is undertaken.
1.3.3 ECONOMIC CONSIDERATIONS
Decisions on whether a project was implemented or not were mainly based on
economic considerations. In other words what are the costs and benefits to be gained
from the implementation of the project. Eli Lilly uses an "EVA" method to evaluate
the financial side of any project. It stands for economic value added, and is defined
as:

Economic Value Added (EVA)= Net operating Profit after Tax- Capital Charge
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It measures the economic profit a project earns above its capital cost. It also gives a
risk analysis of the viability of a project and allows direct comparisons to be made
between projects. In a situation where capital availability is limited , a project would
be compared with other EVA generating projects and with projects without an
obvious or calculable E.V.A . e.g. safety.
Most of the projects proposed through this study have the intended effect of "buying"
capacity by saving on the cycle time of production processing. Because of the
capacity constraints on existing equipment rigs, every saving of rig time is in fact a
deferment of the day when another rig will have to be built. From calculations on the
capital charge of the rig, the depreciation and maintenance cost of the rig, the
financial department of Eli Lilly estimated that saving an hour of rig time was worth
IRP £155. This figure was used to estimate savings by reducing the cycle time of a
process.
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SUMMARY
Heinkel Inverting Filter centrifuges are used in all IE8 processes to separate the
crystallised product from the mother liquor slurry. This operation is the bottleneckfor
almost every product. This chapter begins by outlining the principle of operation
behind the equipment and the parameters that dictate its processing time.
Commissioning a new Heinkel centrifuge afforded the student an opportunity to gain a
better insight into how this type of centrifuge operated and how it could he optimised.
Significant improvements were made to the operation, however the changes only
affected one product and one centrifuge. The knowledge gained needed to he
transferred to the other products. A system was developed where all products were
divided into three categories depending on their ease offiltration. In accordance with
the change management system employed by the site, an optimisation plan was drawn
up to cover all future optimisation studies. This ensured that for every change made, a
certain level of monitoring would be carried out. Heinkel engineers were consulted
for technical assistance where appropriate. Under the plan, products with similar
filtering characteristics would use the same processing parameters, once a product in
the category that it belonged to, was optimised. The results could then be used for the
other products in that class with a minimum amount of work.
I wo further case studies are outlined. The first deals with an easily filterable product;
the second with one that has medium filtering qualities. In both cases the equipment
time was significantly reduced without affecting the product quality.
The optimum parameters that were chosen for each of the case studies are compared
with the values recommended by Heinkel and any differences explained.
Tinally a trouble shooting guide to the operation of these centrifuges is presented and
final conclusions are drawn.
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2.1 INTRODUCTION
2.1.1 THE NEED FOR OPTIMISATION

When the bottleneck equipment was identified for each process, it was found that the
centrifuge (together with the drying operation) was the main equipment item that has a
significant influence on the cycle time of a product. Since the centrifuge feeds a dryer
in each case, optimisation of the centrifuging time will serve in part to optimisation of
the dryer time, as it will be filled faster.
There are four centrifuges in IE8, all the same type - Heinkel inverting filter
centrifuges. This made the optimisation procedure easier, because any improvements
made on one machine could be translated to the other machines with minimum
difficulty, using the same template. However it must be stressed that the optimisation
procedure is, to some degree, product dependent.
Replacing the existing equipment was not an option because of the cost involved, so
the aim of the study was to improve the operation of the existing centrifuges by
eliminating downtime and reducing processing time, thereby having an effect on the
process cycle time.
Any trials carried out were plant tests,- this meant that it was important that the
change management system outlined in the first chapter was followed in detail.
2.1.1 CENTRIFUGING

A centrifuge is a rotary settling device that utilises centrifugal forces to cause the
separation of substances having different densities. Centrifuges harness the very strong
G-forces generated by high speed rotation. This means that they are often the
equipment of choice for solid-liquid systems in which (a) the solid phase does not
readily drop out of suspension,(b) the separation must be made rapidly, or (c) the
liquid or solid product must be pure.
The original applications of the centrifuge were in the food processing industry. To
this day, centrifuging is a popular separation equipment item for pharmaceuticals.
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biomass and other biologically based feed stocks, including the new types of products
being derived from biotechnology. At the same time, centrifugation has found many
applications in conventional chemical processing. When the centrifuge is used to
separate reactor product streams, it is used to recover crystalline products or catalysts,
or to remove colour bodies or waste impurities.
In Eli Lilly centrifugation is used to separate product from it’s mother liquor. While
the main function of the centrifuge is separation, it has an additional application

it is

also used to wash or displace impurities from the product cake. This means it can have
some impact on the impurity profile and hence the overall quality of the product.

2.2 HEINKEL CENTRIFUGES
In the early 1970's Heinkel developed the Inverting Filter centrifuge. This is a
horizontally mounted centrifuge, which is able to discharge the filter cake without
leaving a residual heel into a bin or a dryer. This allows a totally enclosed and sealed
system to be maintained. A change was necessary from the normal basket centrifuge
technology because this type of centrifuge was no longer capable of meeting
requirements and laws for safe working conditions and environmental protection. The
Heinkel design avoided any contamination of the product by the environment and
eliminated any operator exposure to biologically active products.
The advantages of this system are outlined below:
•

fully contained operation - no manual removal of the residual heel

•

production of uniform results - cycle to cycle

•

higher production rates per unit filter area

•

no crystal damage (due to elimination of mechanical discharge devices, like peeler
knives etc.)

•

operate fully automatically - operator free

•

discharge thin cakes (2-10 mm) when separating extremely difficult filtering
products.

This section gives a broad overview of how a Heinkel operates.
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2.2.1 OPERATION OVERVIEW
The operation cycle of the Inverting Filter centrifuge is similar to common known
semi-continuous working filter centrifuges. Each centrifuge section or “drop” will
contain the following stages:
• Feeding
• Washing
• Spinning
• Discharging.
Fig 2.1 illustrates these stages. The solid/liquid slurry is fed to the centrifuge by a feed
pipe that runs horizontally through the solids housing into the rotating bowl. The feed
IS then accelerated to the rotational speed of the bowl, and is directed radially
outwards under the centrifugal force that is generated by this rotational movement.
The centrifuge bowl is perforate and is covered by a cloth in the feeding stage. It
therefore acts exactly like a filter with the solids being retained on the cloth while the
filtrate passes through, and is collected in the surrounding solid shell, from which it
discharges continuously through a cyclone and outlet pipe. The retained solids will
build up to form a filter cake. The amount of feed to the unit determines the cake
height. The slurry is fed to the machine until a certain weight is reached. The machine
is mounted on a load cell so the weight of the cake in the bowl can be determined
without any mechanical device coming into contact with the feed slurry or filter cake.
Refilling is possible to obtain the optimum cake thickness. When all the slurry has
been introduced, and the cake is spun for a short period of time, the wash liquor is
then introduced. After the washing step, the machine is accelerated to its final spin
speed to dewater the cake further, before being discharged when the desired moisture
level has been reached.
The distinct feature of the Inverting Filter centrifuge is actually the solids discharge
method. This is achieved by inverting the filter cloth under rotation during the
discharge sequence; the basket is split into two components. The bowl itself is fixed to
the main shaft while the bowl insert is axially moveable by the central shaft. Since the
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filter cloth is attached at one end of the moveable bowl and at the other to the fixed
bowl insert, moving the bowl forward causes the cloth, containing the solids cake, to
turn inside out. The solids then slide down the walls of the solids housing and are
discharged from the machine into a tote bag or dryer. This discharge method ensures
that no residual matter remains on the cloth and that human handling of the product is
eliminated. A clean filter cloth will be available for every new cycle.
Intermediate Spinning

Filling

Discharging

Final Stage vSpinning

Washing

Discharging

Fig 2.1 (h’erx’iew of Centrifuge Operation.

2.2.2 EQUIPMENT DETAIL

The HF-Inverting Filter centrifuge is intended to separate solid particles, generally less
than one micron in diameter from a liquid stream. Fig 2.2 shows a schematic of the
centrifuge system. It comprises of the following; solids housing, filtrate housing,
filtrate / air separator, axial hydraulic system, rotational motor, oxygen analyser,
nitrogen purge system, weighing system.
Load cells
The centrifuge has its deadload balanced about a support fulcrum, this allows only
slurry feed (i.e. centrifuge contents) to be weighed. The weigh system is based on
strain gauge transducer directly connected to a HBM display unit. The display is
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suitable for hazardous area installation and consists of a measurement bridge
excitation voltage supply, an indicating amplifier unit and relay outputs are connected
to the I/A system and used to indicate overfill etc.

Vibration Monitors
The Heinkel centrifuge is fitted with a Schenk vibration transmitter, calibrated in
mm/sec. The imbalance pick-up velocity sensor is mounted laterally, near the second
bearing point from the drum end. The transmitter is linked to a safe area unit which in
turn is connected to the I/A system. The vibration monitor is disabled when the
Heinkel is out-of-balance, i.e. when drum is extended during discharge operations.

Hydraulic system
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The hydraulic cylinder moves the centre shaft, on which the drum insert is mounted, in
the axial direction thus inverting the filter cloth (discharging the drum). It keeps the
drum closed during the working cycles.
2.2.2 SAFETY FEATURES
It is important that some safety features are outlined briefly. During optimisation,
some of these features were monitored to ensure that safety was not compromised.
In the event of a “safety-critical” failure or discrepancy, all valves are returned to their
safe, non-energised position, and the shaft speed is driven to 0 rpm in the shortest
possible time. The fault would have to be acknowledged and cleared before restarting.
It is not possible to return to the position in the cycle where the fault occurred.
Non-safety critical faults can result in a "finish cycle". This allows the next discharge
to be completed before the centrifuge shutdown.
The following is a list of safety features of this type of centrifuge:
•

The machine is purged with nitrogen at the start of each batch prior to any rotation
taking place because of the presence of flammable solvents and dusts in the
process housing. Oxygen analysers then detect the oxygen content in the housing at
the start of each section.

•

The vibration level is monitored throughout every stage except the discharge
sequence and if the level exceeds 18 mm/s an alarm is raised and the machine is
shut down.

•

Inside the non rotating back end of the hydraulic cylinder there is a centrifugal
valve which blocks, mechanically, any oil flow to open the drum above a certain
speed.

•

A specially designed sealing and labyrinth system to prevent product fumes and
mist coming in contact with the bearing system

•

There are mechanical stops which limit the shaft extension. The end positions of
the axial displacement are controlled by proximity switches mounted on the shaft
assembly and they are signaled by indicator lights. When a proximity switch fails.
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the axial movement is limited by fixed mechanical stops thus avoiding damage to
the machine.
•

The machine is equipped with a pressure switch on the axial hydraulic unit to
prevent an acceleration of speed with an open drum. There is a lower hydraulic
pressure required to open the drum than to keep the drum closed. The control
panel uses the signal of the lower pressure to block any signal to the rotational
drive for acceleration.

•

An automatic check of the safety chain by the Distrubited Control System (DCS)
before every new cycle

2.2,4 OPERATING PARAMETERS
It is necessary at this stage to define several of the operating parameters that will be
used to optimise the operation.
2.2.4.1 Filling system
The centrifuge is operated using loadcells which are capable of measuring the
instantaneous weight of the slurry/solids in the bowl at any time. The slurry is fed to
the system through a feed-pipe. When the weight in the bowl reaches an operator
selected value called the maximum fill weight then the external actuated feed valve
is shut preventing any additional slurry
being fed to the centrifuge. If the
maximum fill weight is not reached
within an operator selected maximum
filling time, the filling sequence is
terminated and the operation advances

to the next sequence. With the feed valve shut and the bowl rotating, the weight in the
bowl decreases as more mother liquors are spun off The filling valve reopens when an
operator- selected minimum fill weight is reached. The filling sequence continues
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until the time for the weight to drop from the maximum to the minimum fill weights
exceeds an operator selected time, called the feed dewater time as shown in Fig 2.3.
The rotational speed of the bowl during the filling sequence is called the feed speed.
2.2.4.2 Washing
In the chemical and process industries, washing generally implies the passage of a
clean liquid through the filter cake. This is carried out so as to displace the residual
mother liquor from the cake. The mother liquors may contain dissolved impurities
which it is desired to eliminate from the final solid product. Two adverse situations
can arise, overwashing and underwashing. Overwashing generally means that the
overall yield will be adversely affected as some product may be dissolved in the wash
and removed through the filtrate line. Underwashing may affect the product quality as
the product may contain dissolved impurities. The wash liquid is introduced into the
bowl through the same feed-pipe as the slurry. For each process, during the
development stage, the desired wash quantity is determined and is measured as kg
wash added/kg of dry product.
The centrifuge controller records two load cell readings prior to the wash stage. These
are the "weight before feed" or the tare weight and the "weight after spin". A spin
cycle is necessary between the feed and wash cycles to remove excess mother liquors
before the wash is introduced. The quantity of the wash added is calculated for each
centrifuge section and is given below:
Wa.sh Added = Wash factor[Weight after spin- Weight before feed]

This effectively measures the amount of cake that is on the centrifuge bowl and then
adds a desired quantity of wash based on the section. The degree of washing can be
controlled by adjusting the operator selected wash factor to prevent overwashing or
underwashing. A flowmeter then meters this quantity of wash to the centrifuge bowl.
To prevent overfilling of the bowl during washing the wash valve is automatically
closed at an operator -selected maximum wash weight. The wash liquid continues to
be introduced to the bowl until either a maximum wash timer has expired, or a mass
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flowmeter reading has been confirmed that a wash target has been reached. The
rotational speed of the bowl during the washing cycle is called the wash speed.
2.2.4.3 Spinning
Two methods are used to control the extent of dewatering.
• Spinning by weight
• Spinning by time
Spinning by weight can be a more reliable method, because the dewatering is specific
to cake weight added. The instantaneous slope of the dewatering curve is continuously
calculated and compared to a set point. This is shown in Fig. 2.4. This setpoint is
operator controlled and is the change m the weight of the drum over time,
corresponding to a certain residual moisture in the cake. When the calculated kg/min

value is at ,or below, the kg/min setpoint for two/three consecutive calculations, the
spinning sequence will end. Using this method the optimum final moisture content
can be obtained in the shortest possible time. This can be used on both the
intermediate spins and the final spin. On the intermediate spin it ensures that the cake
is spun dry before washing if this is desirable.
However spinning by weight is dependent on the load cell readings, which could prove
problematic if these are inaccurate. A load cell reading can be influenced by changes
in pressure, bowl speeds etc. which in turn will have an effect on the dewatering
procedure. All centrifuges in IE8 are dewatered using the spinning by time method for
this reason.
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An alternative to spinning by weight is the method currently employed by Eli Lilly spinning by time. The spin time determines how long the cake is dewatered for and
this value is the same for each centrifuge section regardless of size. This parameter is
operator selectable. The rotational speed of the drum during the spin cycle is called
the spin speed.

2.3 COMMISSIONING AND OPTIMISING OF A HF CENTRIFUGE
The commissioning of a new centrifuge (tag number C-6), provided a good
opportunity to learn how Heinkel centrifuges operate and investigate how the
operation may be improved upon. The new centrifuge was added as part of a project to
upgrade the Technical process rig in IE8. The system set-up was such, that the
centrifuge discharged filter cake into tote bags or flexible intermediate bulk containers
(for product storage) and not into a dryer. As it was the the last unit operation in this
manufacturing process, the optimisation of C-6 would not interfere with downstream
processing. This was an advantageous starting point.
This section details some of the results obtained, the main one being, reduced cycle
time due to increased capacity and optimisation. The results are discussed with a
view to using the knowledge gained, to improve the efficiency of the other
centrifuges in IE8, as they are the main cause of process bottlenecks.
2.3.1 CHOOSING THE STARTING PARAMETERS
It was necessary to choose the starting parameters from which the optimisation would
be based. The process involved D1, was not a new process but had previously been the
process on a HF600 model centrifuge, tag number C-2. C-6 was a HF800 model and
differed from C-2 in the fact that the diameter of its basket was 800 mm as opposed to
600 mm for C-2. Existing parameters were available from the operation of the C-2
centrifuge and these could be used for scale-up. Also the next step of product Dl,
product D2 was centrifuged on a HF800 model already and the filtering properties of
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the two products were very similar, so these parameters could also be taken into
consideration.
The drum speeds were scaled using the following equation, [Heinkel, 1996]:
g=(S'^xDJ 1800

where;

g= gravitional force on the particles
D^= Diameter of the centrifuge bowl (m)
Sj = Speed of the drum (rpm)
The scale-up is based on equal gravitational forces, allowing the equation to be written
as:
^ dl ^ ^bl ~ ^ d2 ^ ^b2

Rewriting the equtaion in order to determine the drum speed of the HF800 model
gives:
^^bl ~ ^ d2 ^ ^^b2

^ dl

Using this equation the drum speeds from C-2 were scaled-up for C-6 centrifuge, and
the results are tabulated in Table 2.1. However maintaining the same g-force was not
always possible. For example to maintain the same g-force (as C-2) during the final
spin stage would require the drum to rotate at 1645 rpm, however the maximum limit
is 1600 rpm which generates a g-force of 1137.

Feed Speed (rpm)
Inter. Speed (rpm)
Wash Speed (rpm)
Final Speed (rpm)

C-2 HF600
Model

C-2
G-Force

C-6 HF800
Model

C-6
G-Force

1500
1600
1500
1900

750
871
750
1203

1300
1400
1300
1600

751
853
751
1137

Table 2.1- Results from scale-up of drum speeds-

The rotational speeds determined for the spin and wash stages were the parameters
chosen as the start-up values. However the calculated value for the feed stage at 1300
rpm was significantly higher than other HF800 models whose drum speeds were set at
800 rpm during feeding. It was therefore decided to take a conservative approach and
use the lower value as the starting point, increasing the speed incrementally to the
calculated value.
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The maximum and miniumum weights were chosen to match the existing parameters
used for every product manufactured on the other HF800 centrifuges in the building.
The feed dewater time was set at the minimum value and would be increased to a
optimal value later in the procedure.
The starting parameters chosen are detailed in the third column of Table 2.2.
Parameter
Drum Speed-Feed(rpm)
Drum Speed Intermediate Spin (rpm)
Drum Speed
Wash (rpm)
Drum Speed Final
Spin (rpm)
Maximum Wt (kgs)
Minimum Wt (kgs)
Feed Dewater Time (s)

Product D1 on
HF600 Model
1500
1600

Product D2 on
HF800 Model
800
1300

Starting
Parameters (C-6)
800
1400

1500

1200

1300

1900

1500

1600

30
25
240

50
25
60

50
25
1

Table 2.2 - Centrifuge Processing Parameters for Commissioning

2.3.2 MEASUREMENT OF PERFORMANCE

In deciding which set of parameters were the optimum ones, it was necessary to define
a performance measure against which parameters could be weighed. Two measures
were chosen ;
•
•

Weight of the cake discharged or section size.
Volume of slurry processed per unit time

2.3.2.1 Section Size

The weight of the centrifuge was recorded before any feed was loaded and again just
before discharge. The weight of the section is given by;
Weight of section = Weight before discharge - Weight before feed

This was recorded for each section. The problem with this performance measure was
that the weight was taken at an instantaneous moment, which was open to certain
errors. Another problem was the difference in the drum rotation speed at different time
i.e. the “weight before discharge” was recorded when the drum was rotating at 400
rpm (discharge speed) but the “ weight before feed” was recorded at the feed speed
(800 - 1600 rpm). This may have a slight effect the recorded weight and therefore on
the result given.
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2.3.2.2 Throughput

The second measure was based on hourly capacity rates. The change in the weight of
the feed tank was noted for each section. This represented the amount of slurry
processed. However the section time also needed to be taken into account. The
equation below shows how this was achieved.
Thronhpnt=

60)

T

where;
Throughput = amount of slurry processed (kg/'hr)
AWt Feed taiik weight change in the centrifuge feed tank (kg)
T^ = Section time (mins)

A combination of both measures were used to evaluate the optimal set of centrifuging
parameters. Five sections were processed under a certain set of parameters, the results
from each averaged and compared against other conditions.

2.3.3 RESULTS AND DISCUSSION

The results of commissioning and optimisation of the new Heinkel centrifuge (C-6) is
now presented, with a discussion.
2.3.3.1. Drum Rotation During Feed Stage

The rate at which the drum rotates during the feed stage may be adjusted from 800 to
1600 rpm. Initially the minimum value was chosen, because historical records showed
the other HF800 centrifuges were always fed at this drum rotation. However as
discussed in section 2.3.1 in order to operate at the same g-force as the HF600 model,
the drum rotation should be 1300 rpm. It was therefore decided to increase the rotation
speed in increments of 100 to this value and above. There were no safety implications
in doing this, as the maximum speed was 1600 rpm and if the rotation exceeded this
value, there was a safety interlock to ensure that the drum speed would be driven to a
stationary position in as short a time as possible. Further to consultation with Heinkel
engineers, it was discovered that by increasing the speed at which the drum rotates.
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this would lead to an increase in throughput. The reasons for this are discussed later.
However at increased rotational speeds, there was an increased possibility of product
breakthrough to the filtrate i .e passing through the filter cloth. If it were to occur,
product yield would decrease. It was therefore necessary to sample the filtrate for
residual product.

Fig. 2.5 - Throughput vs Increased Drum
Speed

Drum
Speed
(rpm)
800
900
1000
1100
1200
1300
1400
1500
1600
Table 2.3

Processing
Throughput
(Slurry Time
kg/hr)
(hrs)
300
23
316
21.8
341
20.2
355
19.4
367
18.8
385
17.9
400
17.2
420
16.4
431
16.0
Results of Increased drums speeds

Table 2.3 shows the results obtained by increasing the speed. Fig 2.5 clearly showed a
marked increase in throughput. This is an increase in throughput of 30% from the
minimum setpoint of 800 rpm to the maximum 1600 rpm. The reason for this increase
may be explained as follows. The drum is rotating at a higher speed, so when the
slurry is fed into the centrifuge bowl, the rate at which the filtrate is expelled from the
centrifuge increases. While the solid filter cake builds up on the cloth, it is separated
from the liquid by means of centrifugal force, the g-force increasing at high rotation
values. Spinning at 800 rpm, which was the minimum value was equivalent to a gforce of 284 m/s^. Spinning at 1600 rpm corresponded to a g-forceof 1137 m/s^.
The length of the feed stage depends on loadcell readings, as described in section
2.2.4.I.
Loadcells reading = Feed In-Filtrate Out

The equation above shows what the loadcell records. The loadcell reads the weight in
the centrifuge basket, which can be made up of wetcake on the filter cloth and a
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certain amount of slurry. The rate of filtrate removal was higher at increased spin
speeds due
to the higher g-forces present. It therefore
took longer to reach the maximum fill
weight as the loadcells did not register so
great an increase. This effectively meant
Fig. 2.6 Schematic of Feeding Operation

^j^^t more slurry COuld be processed,

than had been achieved at lower drum speeds. As the wetcake on the filter cloth
increased in thickness, the filtrate rate decreased. This was expected as the cake
introduced an additional “resistance” or barrier for the filtrate to pass through.
At increased feed speeds, the likelihood of product breakthrough increased. If this
happened it would mean increased yield losses. Samples of the filtrate were taken
from each section and analysed for its product concentration. Fig 2.7 shows the results.
The concentration of product did not
increase. Any variation shown was
within with the variability of the
laboratory assay and can be
explained as such. This was
confirmed when the yields of batches
fed at high rotations were compared
with the yields expected.
Fig. 2.7 Product concentration in filtrate versus
increasing drum speed

There was a cartridge filter on the filtrate line. This also gave assurance that the
product breakthrough did not increase, as the filter did not block or did not have to be
replaced more frequently than before. This meant that the solid content of the filtrate
did not alter significantly.
The next section discusses how increased drum speeds allow the feed flowrate to be
increased also.
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2.3.3.2 Feed Flowrate

The original set-up for feeding the centrifuge consisted of a manual valve on the inlet
line. This could be adjusted or “throttled” to reduce the flowrate. After centrifuging
the first batch, this manual valve was replaced by a control valve. This replacement
was necessary for several reasons.
1. It was important that a record could be kept of the valve position. Different
products may be fed at different flowrates, depending on the nature of the slurry. This
meant that the valve position would be changed for different campaigns. Simply
knowing that the valve was half open (in the case of a manual valve) would be
insufficient because the measurement of the value is very subjective and would
change from operator to operator. A control valve allowed reproducability of feed
rates between campaigns.
2. Unlike the manual valve, the position control valve could be programmed into the
process recipe code.
3. A control valve also allowed for easy adjustment from a process control computer
screen in the control room.
As there was no flow meter on the feed line, the feed rate was estimated from the drop
in the feed tank over the length of the fill time. A flowmeter is normally not necessary
on the feed line because the filling step is controlled by the centrifuge loadcells, as
discussed in section 2.2.4.1.
The initial parameters consisted of the feed valve being fully open (100%) and the
drum speed during the feed stage was set to 800 rpm. The resulting section size was
small at 10 kgs. This was because the feed flowrate was too high for the chosen drum
speed. This allowed more slurry to be fed to the centrifuge than filtrate to be
removed. This increased weight in the bowl was read by the loadcell and the fill
weight was reached quickly, ending the feed stage. The valve position was changed, to
alter the feed flowrate. The feed flowrate was plotted versus throughput to determine
the optimal feed rate.
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The whole procedure had to be repeated once the drum speed was increased to its
optimum value. This was because of higher filtrate flowrates or de-liquoring rates, the
centrifuge could be fed at higher flowrates. Therefore the feed flowrate was
dependent of the speed of rotation of the drum. Higher spin rates allowed for higher
feed flowrates as the rate at which filtrate was removed increased. Figures 2.8 shows
the increase in the feed flowrate that can be achieved when the drum speed is
increased. Fig. 2.9 shows the effect of the valve position and hence the feed flowrate
on the throughput for the maximum drum speed setting of 1600 rpm. It can be seen
that there is not a straight linear relationship between the valve position and the
throughput. The optimum value was at the 30% setting. Values below this did not
have a higher throughput because the flowrate was slower. This increased the duration
of the feeding stage which led to an increase in the section time.The wetcake per
section did not increase significantly so this led to an overall decrease in throughput.
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Fig. 2.8 Feed Flowrate versus increasing drum
speed

Fig. 2.9 Throughput versus valve open position

2.3.3.3 Maximum and Minimum Feed Weights
The initial value chosen for maximum and minimum weights were 50 kgs and 25 kgs
respectively, based on the operating parameters of the other HF800 centrifuge models.
Initially the value chosen for the minimum weight was irrelavent as the feed dewater
time was set to 0 seconds. The maximum weight was increased in increments of 2 kgs.
Th optimium value was found to be 58 kg. Increasing the maximum weight did not
have a huge effect on the throughput. When the weight in the bowl measured by the
loadcell reached aproximately 45 kgs, the quantity of wetcake on the filter cloth had
increased to a value where there was a marked decrease in th filtrate flow from the
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centrifuge. This meant that the weight in the bowl was increasing due to the fact that
the mother liquors were not being “spun off’. Increasing the maximum weight by 8
kgs therefore did not result in a corresponding increase in the section weight. This was
because, as previuosly explained, the weight increase was mainly due to the mother
liquors (which would be eliminated in the spin stage of the cycle) and was not due to
increased wetcake or product.
The minimum weight was increased to 50 kgs, less than 10 kgs difference from the
maximum weight, as recommended by Heinkel engineers. The effect of this change
was not noticed until the feed dewater time value was changed.

2.3.3 A Feed Dewater Time

The feed dewater time was increased in increments of 10 sec. Fig. 2.10 shows the
effect this change in parameter had on the throughput. The curve is bell-shaped and
the optimum value was determined to be 30 seconds.

Fig. 2.10 Throughput versus feed dewater time

As explained in section 2.2.4.1, the feed dewater time allows multiple feeds per
centrifuge section. Increasing the value above a certain value will result in a decrease
in throughput however. This is because the minmum weight will not be reached in the
specified time, (due to cake thickness decreases filtrate flow), and the feed dewater
time will simply result in an extended intermediate spin time.
It is important that the minimum fill weight be close to the maximum fill weight.
Otherwise the feed dewater time would have to be increased to allow the centrifuge to
be fed for a second time during a section.
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2.3.3.5 Dewatering Stage
Dewatering the filter cake that has built up on the filter cloth is necessary for several
reasons. If the centrifuge feeds a dryer, removing as much excess solvent during
centrifuging will lead to reduced drying times. If the centrifuge is the final unit
operation ( as in this case), the product is more stable if it is less solvent wet i.e. drier.
As detailed in section 2.2.4.3 there are two methods of dewatering or deliquoring;spinning by weight or spinning by time. The latter method was favoured by Eli Lilly.
Optimisation of this stage was carried out last, once the other parameters had been
fixed. The spin time had been set at 10 minutes for all previous optimisation work.
Increasing the centrifuge loading per section without a subsequent increase in the time
spent spinning would mean that the residual cake moisture should increase. The
wetcake was not sampled for moisture content during the previous stages. This was
because spinning for 10 minutes was felt to be an “overkill”.
The method employed for optimising this stage was simple. The sightglass on the
filtrate exit line was visually monitored to see when there was a marked decrease in
the filtrate flowrate. The spin time was cut in one minute increments initailly and then
in 30 sec. increments for fine tuning . Samples of the wetcake were taken and analysed
for solvent content. Fig. 2.11 shows the relationship between spin time, moisture
content of the filter cake and hourly throughput.
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Fig. 2.11 Solvent content in wetcake and throughput versus spin time
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2.3.3.6 Product Quality / Yield Issues
Assessing the effect any change has on the product quality is an important aspect of
any trial. If the product quality has altered, then the trial would be unsuccessful, no
matter what other economic, safety or environmental benefits it offered.
Samples of the filtrate were taken at each stage throughout the section and analysed.
The discharged filter cake was sampled and measured for residual moisture content
and potency by gas chromotography (GC) analysis. The impurity profile of the
wetcake discharged was also analysed.
These were compared with the baseline case, which in this case were the samples
taken from C-2. The results are not presented here, but the main points to note were as
follows;
• The relative quantity of solvent present in the filtrate, at each stage in the section
was comparable for both centrifuges and did not change significantly.
• The wetcake produced had the same impurity profile and potency as the baseline
case.
• There was no evidence to show that the product quality had altered or had a
different effect on the final stage processing of the product (Dl-> D2)
Yield Issues
The cloth that was chosen was the same type as the one previously used but it had a
larger diameter to accommodate the machine. This meant that under standard
operating conditions, the centrifuge should have no greater effect on yield loss than it
had previously.
The filtrate was sampled and analysed for product concentration. This was particularly
important during the trial to increase the drum speed during the feed stage, as the
likelihood of product breakthrough had increased.
In addition to this, the presence of a cartridge filter on the filtrate outlet provided a
general guide as to whether any increased yield loss was evident before the batch was
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weighed. If this blocked during a batch, then it was likely that product was being lost
in the filtrate.
There was no evidence from filtrate analysis that there was increased yield losses. This
was confirmed when the batch was weighed. There was no significant difference
between the weight of product produced on C-6 and the weight of product produced
on C-2.
2,33,1 Summary of results

The results obtained from commissioning and optimising a product on the new
centrifuge are tabulated below.
Centrifuge
No, of sections
Sect. Time (mins)
Cake Weight (kg)
Cycle Time* (hrs)

C-2 (HF600)

C-6 (HF800)

60
30
13
30

32
20
25
11

Table 2.4 Results for product

The centrifuge cycle time was calculated by multiplying section time by number
of sections . This figure does not include any downtime nor time required for
changing of tote bags nor transfer of tank contents. This would increase the cycle
times . Cycle time was calculated in this way to enable a comparison be made
between centrifuges, as they would be on the same basis, assuming standard lot
sizes which was confirmed.
Both the section size and time were effected. The section size increased as
expected because of the increased capacity of the centrifuge basket. The section
time was reduced and these two factors ensured that the overall centrifuge
processing time was cut. The reduction in the processing time was in the order of
63 %. The expected reduction due to increased capacity of C-6 versus C-2 was
50%. The further productivity increase was due to the optimisation procedure
employed.
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Table 2.5 shows the difference in the parameter values between the ITF600 C-2
centrifuge and the H800 C-6 centrifuge.
C-2 Parameters
C-6 Parameters
Maximum fill wt.
35 kg
58 kg
Minimum, fill wt
20 kg
50 kg
Feed dewater time
60 s
30 s
Feed speed
1500 rpm
1600 rpm
Spin 1 speed
1600 rpm
1600 rpm
Wash speed
1500 rpm
1600 rpm
Spin 2 speed
1900 rpm
1600 rpm
Spin time
150 s
180 s
Table 2.5 - Comparison of centrifuging parameters between C-2 and C-6 Centrifuges

2.3.4 CONCLUSION
Several interesting conclusions can be drawn from this study. Based on the final
chosen operating parameters for the C-6 centrifuge, it was noted that the other
Heinkel centrifuges in the IE8 facility were likely to be operating below their
capacities. This was determined by examining the operating parameters for the other
cetrifuges and comparing them to the optimised parameters of C-6 centrifuge.
Whereas this had no impact on the quality of the product produced, the parameters had
an adverse effect on the throughput or the processing time of the equipment. The
areas that can be improved upon are as follows:
•

The drum rotational speed during the feed stage for all HF800 models were set at
the lowest value of 800 rpm. Increasing this to the maximum value of 1600 rpm,
led to significant increases in productivity and throughput..

•

The minimum weight should be increased to within 10 kgs of the maximum
weight, to allow more than one feed of slurry per section.

•

The feed dewater time should be varied between 1-60 seconds and plotted versus
hourly capacity to determine the optimum result. Heinkel recommended values in
this range. However the company had chosen values as large as 360 seconds or 6
mins, for some products.

• Increased drum speeds allow for increased feed flowrates. Finding the optimum
flowrate is a trial and error procedure.
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•

The sightglass on the filtrate exit line should be visually monitored during the final
dewatering stage. The final spin time should be reduced in increments, based on
this visual examaination, and the wetcake analysed for residual moisture content or
percentage volatiles. This will allow the optimum spin time to be determined. By
reducing this time, the section time will also be reduced.

2.4 DEVELOPMENT OF OPTIMISATION WORK
Several interesting observations were made during the commissioning of C-6 that lead
to processing time improvements. This section deals with the translation of the results
detailed in section 2.3 to other products. Heinkel engineers were consulted for
technical assistance.
2.4.1 PRODUCT CLASSIFICATION

Each centrifuge in IE8 was used for short run, multi-purpose production. Optimising
each product would be time consuming, Heinkel engineers therefore suggested that an
alternative to this lengthy procedure would be to develop a few generic recipes, that
could be used satisfactorily for many products. The products could be divided into
three categories: Difficult, Medium and Easy filtering materials. Recipes developed on
a similar filtering material would produce good results without having to optimise
every product. [McKinney, 1996]
Existing preliminary laboratory
information on a product was extremely
helpful when first setting about to optimise
a product. Even knowing that" the product
filters well" or "it is a difficult filtration "
Fig. 2.12 Buchner Funnel Tests

gives an indication of whether it is

a thick cake or a thin cake operation respectively. [Rojan,1996]. This can be seen on a
Buchner funnel. Tests were set up in the laboratory and the classification of each
product was discussed with the relevant process chemists and lab technicians.
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2.4.2 OPTIMAL PERFORMANCE MEASUREMENT
Heinkel literature states that optimising the throughput of the system is mostly
dependent upon the cake thickness. Every product exhibits a bell shaped curve
denoting the optimal cake thickness that provides the maximum throughput.
This curve may be obtained by conducting a series of tests, through feeding at ever
increasing quantities (e.g. increase the maximum fill weight). Heinkel engineers
recommended discharge of the cake at zero speed to enable accurate measurements of
the cake thickness. This procedure may be possible on a test model, however it was
not suitable for a plant trial in accordance with Good Manufacturing Practices. To
measure the cake thickness, containment would have to be broken. This would lead to
deviation alerts with respect to product quality, as the product may be at risk of
contamination. Instead the performance measures as outlined in section 2.3.2 would
be used and the cake thickness would not be measured directly.
2.4.3 PRODUCT QUALITY
It is essential that the role of the centrifuge in the process be defined and the effect it
has on the quality of the product manufactured. The centrifuge is essentially a
separation device which utilises centrifugal force to achieve separation of a solid from
a liquid. However the product quality may be affected, mainly during the washing
stage, when impurities are displaced from the surface of the cake. Inadequate washing
could increase the quantity of undesirable impurities and alter the impurity profile.
This is undesirable. It is therefore necessary to test the potency of the product and
profile to ensure that these have remained unaffected. Overwashing the cake, leads to
increased solvent usage and waste disposal problems. This will not have an effect on
the quality of the product but may have a slight negative effect on the yield.
2.4.4 OPTIMISATION OF CYCLE
The best way to optimise the cycle is to divide the process into three separate
optimisations; the filling, wash and final spin segments.
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It is best to first optimise the filling cycle (cake thickness). This was shown in section
2.3 to have the greatest effect on the processing time. This part of the cycle also
determines the amount of cake that is processed per section or “drop”. It is important
to only optimise one segment at a time, so that only one variable per set is being
analysed. The wash stage was not optimised. Methods that could be used to optimise
this stage in the centrifuge cycle are described in section 2.8.2 The chemists were
reluctant to change the wash factors or reduce the wash volumes . The changes
proposed for the wash section had the potential to alter the quality of the product
leading to higher impurity levels.
During the dewatering stage the sightglass on the filtrate exit line was monitored to
determine when there was a marked decrease in filtrate flow. This would correspond
to the end of the dewatering stage. It would be pointless to reduce the dewatering time
if there was still a good flow of filtrate from the centrifuge. The spin time was reduced
incrementally and the wetcake sampled and analysed for percentage volatiles by the
loss on drying (LOD) technique. By plotting the LOD results versus section time the
optimum result could be obtained. It must be remembered that wetcakes with higher
LOD values would lead to longer drying times.
2.4.5 CHANGE MANAGEMENT - CENTRIFUGE OPTIMISATION
Under every good change management program it is necessary to establish the
baseline case. This baseline case represents existing conditions and any change made,
should be compared with the baseline.
For the centrifuge it was necessary to establish the section weight, section time,
throughput and average processing time. From a quality control perspective, the wash
quantities employed, the impurity profile and potency needed to be established. The
residual moisture content of the filter cake discharged and the product concentration
in the filtrate also need to be measured. As all these parameters were used to define
the operation it was necessary that a good database or library be built up in order to
establish and define the centrifuge operation before any change was made.
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The effect of the centrifuge on downstream processing needed to be assessed. All the
centrifuges (other than C-6) dumped their filtercake or wetcake into a dryer, which
then removed any residual solvent content. Improvements to the centrifuging time
would ensure that the "fill" stage of the dryer, when it was receiving wetcake, was
reduced as the centrifuge would process the batch faster. However increasing the
section size without a subsequent increase in the time spent dewatering the cake
would lead to increased levels of solvent being present in the wetcake. This would
lead to increased drying time. It was necessary to understand that optimisation of the
centrifuge could have been at the expense of the drying time. In this case it would
have been simply a shift of the rate limiting step from centrifuging to drying with no
cycle time benefit to the process. It was therefore necessary to monitor the drying
times to see whether these changed during the course of the optimisation.Before each
optimisation process, the reasons for changing the operation of the centrifuge needed
to be outlined. In each case the main reason was a reduction in processing time which
would lead to cycle time reductions.

Optimising the centrifuges involved performing trials using actual production batches.
Therefore it was necessary to develop a control system where each parameter was
changed incrementally and the effect of this change monitored. Each parameter
changed was documented versus a section number and batch code. If results were not
as expected, then the parameters were changed back to their original values. The
optimisation study focused on several areas discussed below. The reasons for the
change , the possible drawbacks the change might incur and the monitoring that was
carried out are also detailed.
Drum speed constant throughout the spin and wash stages:
• Reason: Eliminate "lag" phases when the drum is either speeding up / slowing
down. Improve section time.
• Drawback; None obvious
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• Monitoring: During wash stage check for leakage (through the sightglass) into the
solids housing.
Increase drum speed during feed stage up to maximum drum speed
•

Reason: Increase section size onto the centrifuge. The change will be incremental.

• Drawback: Increased solids breakthrough may occur with increased drum speeds.
Possibility of leakage into the solid's housing from overfilling. The wetcake may
have higher residual moisture, leading to increased drying time.
• Monitoring: Take samples of the filtrate, if solids are present then submit for
analysis. During feed stage check for leakage around the feed pipe. Monitor the
drying time to ensure that current times are maintained and do not significantly
increase
Increase the maximum fill weight
• Reason: Increase section size onto the centrifuge. Centrifuge is operating well below
its bowl capacity. Change will be incremental (steps of 5 kgs).
• Drawback; Possibility of leakage into the solid's housing from overfilling. The
wetcake may have higher residual moisture, leading to increased drying time.
• Monitoring; During feed stage check for leakage around the feed pipe. Sample
wetcake and submit for residual moisture content result.
Increase the minimum fill weight
• Reason: Increase no of refills per section giving greater loading. Increase the
minimum weight to within 5-8 kgs of max. weight.
• Drawback; Possibility of leakage into the solid's housing from overfilling. The
wetcake may have higher residual moisture, leading to increased drying time.
• Monitoring; During feed stage check for leakage around the feed pipe. Sample
wetcake and submit for analysis of residual moisture content.
Change Feed dewater time
• Reason; Plot feed dewater time versus hourly capacity to determine optimum value.
• Drawback; Possibility of overloading the centrifuge, through increased section size.
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• Monitoring: Wet cake and leakage into the solids housing.
Determine optimum spin times
• Reason: The dewatering stage is determined using the spin by time method rather
than by weight because changes in the vacuum can cause changes in the loadcells .
Spinning by weight, therefore, would not be reliable based on the current loadcell
variation. The sightglass on the filtrate line should be monitored to determine a good
cut-off point to end the final spin and to reduce section time i.e. to observe when the
filtrate rate has significantly decreased.
• Drawback: By reducing the final spin time, the drying time may increase.
• Monitoring: Sightglass on the filtrate from the centrifuge. Track the drying times of
the lots effected.

Two case studies are now detailed. The first one presents the study of a product which
is easy to filter. The second case study discusses a product with medium filtering
characteristics. While the main findings are presented, a detailed account of the results
is not given.

2.5 CASE STUDY I
This study presents the optimisation results of a product (D2) that filters well. This
product step is the final processing stage of a drug that is mainly used to suppress
stomach acid and prevent ulcer formation. The centrifuge involved was part of the
final bulk rig and was a HF800 model, tag number C-1.
The dry end of the final bulk rig is the bottleneck of every process. This was outlined
in Table 1.1. The centrifuge plays a critical role in this bottleneck. It was hoped that
by improving the equipment time of C-1 that a reduction in the overall cycle time
would be achieved. This optimisation differed from the optimisation of C-6. This was
because C-1 was not the final unit operation in the process, as the centrifuge feeds two
dryers. It was therefore necessary to monitor the drying operation and duration to
ensure that these were not significantly altered.
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Table 2.6 shows a brief summary of the outcome of the study.
Existing

Optimised

31
34
162
30
48

16
24
325
32
30

Centrifuge time (hrs)
Process Cycle time (hrs)
Throughput (kg/hr)
Section Time (mins)
No of sections

Table 2.6- Summary of Results of Case Study /

The centrifuge time was reduced from 31 hrs to 16 hrs, leading to a cycle time of 24
hrs. This was a 30% reduction on the existing cycle time of 34 hrs. The overall
throughput doubled increasing by 163 kg/hr. Section times increased by two mins a
section, but since the overall number of sections decreased, this led to a reduction in
the total processing time of C-1. Normally if the number of sections is multiplied by
the section time this will give the centrifuge time. However this was not so with the
existing set-up otherwise the centrifuge’s time would have been 24 hrs. For
approximately nine hours per batch, the centrifuge was unable to process the batch
because the dryer was unavailable to receive filter cake from C-1. Before the
optimisation of C-1 could be complete it was necessary to change the dryer operation,
to eliminate the cause of this downtime. This is detailed in chapter three.
The existing centrifuge parameters for C-1 when processing product D2 are presented
in the second column of Table 2.7. The centrifuging parameters were such that there
was only one feed put onto the centrifuge basket per section i.e. no refills*.

Max. fill wt.
Min. fill wt
Feed dewater time
Feed speed
Spin 1 speed
Wash speed
Spin 2 speed
Spin time

Existing

New

50 kg
25 kg
60s
800 rpm
1300 rpm
1200 rpm
1500 rpm
180 s

58 kg
50 kg
30 s
1600 rpm
1600 rpm
1600 rpm
1600 rpm
150 s

Table 2.7 Centrifuge Parameters for Case Study I

The optimisation followed a plan outlined by the change control system (section 2.4)
and each parameter was changed incrementally. Detailed results are not presented but
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relevant details are now outlined. The new processing parameters are detailed in the
third column of Table 2.7. The main differences are as follows:
•

The drum rotates at maximum speed for all stages in the cycle except during
discharge. This eliminated lag periods when the drum was either speeding up or
slowing down during different periods in the cycle.

•

Doubling the drum speed during the feed stage significantly increased the
throughput and the section size. The throughput was increased by approximately
120 kg/hr through this change alone.

•

The feed dewater time was plotted versus hourly capacity and the optimum value
was found to be 30 seconds. This was half the original value.

•

The maximum weight was increased to 58 kgs, increasing the section size and the
minimum weight was increased to 50 kgs, 8 kgs less than the maximum weight.
This allowed an additional feed per section; i.e. two “feeds” onto the centrifuge
during the fill stage rather than just one.*

Product Breakthrough- Speed of centrifugation

When the centrifuge is fed at a higher drum speed, there is an increased chance of
product breakthrough. For each increase in the bowl speed during the feed stage,
samples of the mother liquor were taken and visually examined to crudely estimate
solids content. None was visible. As the filtrate passes through a cartridge filter before
it is directed to waste, this would have blocked if the product breakthrough was high.
This did not happen and overall yield was maintained at existing levels.
Wash step- size of section

As the wash added per section was based on a wash factor and not on a fixed wash
quantity, the wash added increased with increased section size. The wash step
specification required that each kg of dry product was washed with between 0.5-1 kg
of a suitable solvent. The total wash quantity per batch did not change and was within
the required specification limits. Higher centrifuge vibrations would have indicated
that there was an uneven distribution of the cake on the filter cloth. This means that it
* See section 2.2.4.1 for an explanation of feeding stage and how this is possible.
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would have been possible that the filter cake was washed incorrectly because of the
uneven distribution. Vibration levels were maintained at existing levels and the
impurity profile of the product did not change. This meant that the wash stage was not
affected by the optimisation.
Centrifuge overload
Monitoring the feed pipe during the feed stage provides A good indication of whether
the centrifuge can handle additional loading. A leak along the feed pipe would suggest
overfilling or filling too quickly. The centrifuge was monitored for leaks during all
stages of a section. No leakage was found.
Vibration levels
As the drum speed had been increased it was necessary to monitor the vibration levels.
These were found to be at the same levels as the ones measured prior to the
optimisation . The measured values were between 1-3 mm/s. Increased vibrations are
likely to be evident if the cake has been unevenly distributed during the feed stage.
Increasing the drum speed during the feed stage improved the distribution as the speed
of the distributor bars was also increased and therefore reduced the likelihood of high
vibrations.
Drying Stage
The duration of the final spin (spin 2) was not altered; this was maintained at 15
minutes. From examination of the sightglass on the filtrate line during this stage, there
were indications that further improvements could be made to the section time if
desired. It was evident that the quantity of solvent removed from the filter cake was
minimal during the last 2-3 mins of the spin cycle.
As expected, the residual moisture content of the filter cake increased, as there was
increased amount of filtercake per section for approximately the same section time.
The only adverse effect this could possibly have, would be on the drying stage of the
process, as the product would take longer to dry because of the increased solvent
levels in the wetcake/filtercake.
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The pneumatic conveyor between the centrifuge and the dryer was fitted with an
Axiom sampling device on a spare nozzle. However analysing the wetcake proved
difficult, as the size of the sample that could be obtained was insufficient for the tests
which analysed solvent content. As an alternative to the analysis, the level of solvent
in the wetcake was estimated by recording the dryer weights before and after the
drying stage. The difference in the values was the quantity of solvent removed and this
was then expressed as a percentage of the total wetcake weight. This is shown below.
Solvent C ontent—

(jjygr before dryim

~

dryer after drvine

Weight dryer before drying

This provided a rough estimate of the solvent content in the filtercake. The calculated
moisture content of the wetcake before optimisation was 23 %, this increased to 28%
after optimisation. The difference was only 5% and is was difficult to estimate
whether this was a “real” difference or due to the gross nature of the calculation. The
measured performance of the dryer gave the best indication on the effect of the dryer.
However drying times did not change significantly, a rise of 40 mins, on average was
noted, with the total dryer time being in the region of 24 hrs. The increase of 40 mins
over a 24 hr period was deemed to be quite insignificant.
In summary, the centrifuging time improved significantly and the process cycle time
was reduced. Product quality was not affected and further improvements can be made
if desired. The parameters chosen for the product may be used on other easy to filter
products on a HF800 model.

More details and the background to this case study is outlined in chapter three which
discusses the optimisation of the dryer processing time. Chapter three outlines how the
optimisation of both the centrifuging and drying operations led to significant cycle
time reductions.
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2.6 CASE STUDY 11
This deals with a product that was manufactured on the intermediate rig and is one of
the intermediate steps to produce an anti-depressant. The filtering ability of this
product had been classed as medium. The centrifuge dedicated to this equipment rig
was another HF800 inverting filter model, tag number C-3. The centrifuging operation
can be the bottleneck in this process. The aim of this study was to eliminate this unit
operation from the bottleneck and to develop processing parameters for all other
products with similar filtering characteristics. Table 2.8 summarises the overall
results.
Existing

Optimised

32
32
156
55
35

24
26.5
208
42
35

Centrifuge time (hrs)
Process Cycle time (hrs)
Throughput (kg/hr)
Section Time (mins)
No of sections

Table 2.8- Summary of results of Case Study II

The centrifuge time decreased by approximately 8 hours and there was a 6.5 hr
reduction in the cycle time. The number of sections and the section size remained
constant, however improvements were made to the section time, which was reduced
by 13 mins. It was because of this decrease, that the hourly throughput increased.
The centrifuging parameters prior to and after the study are detailed in Table 2.9.
Improvements were made in the following areas:
•

Feed- Dewater -Time: This had a value of 240 seconds or 4 mins. Heinkel
recommend a value between 1-30 sec. Although the existing value of 240 s was
extremely high, only one feed per section was obtained. This meant that during the
feed stage the centrifuge drum was spinning for four minutes and no additional
slurry was being added. This was a waste of time. The feed dewater time was cut
to 1 s, eliminating this time wastage. This effectively meant that once the
maximum weight was reached, the centrifuge proceeded to the intermediate spin
stage without waiting for four minutes to do so.

•

Spin times: The first spin time was cut from 7 mins to 5 mins. The sightglass on
the filtrate line was monitored and after 5 mins., no further filtrate was visible
exiting the centrifuge. Further spinning would only constitute time wastage. The
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final spin time was cut from 15 mins, to 8 mins, for the same reason. Changes did
not effect the % volatiles in the centrifuge wetcake significantly, they rose from 10
% to 11 % and drying times did not increase.
The maximum fill weight was increased by 8 kgs and the minimum weight was
also raised, although it had no effect on the operation, as the feed dewater time
was set so low.
The drum speeds during the wash and spinning stages were increased to the
maximum value , which in this case was 1530 rpm , any higher than this lead to
machine shutdown.
For the previous two centrifuge studies, the drum speed during the feed stage had
an important impact on the throughput. The higher the speed, the greater the
throughput. It would therefore be beneficial to increase the speed for this product
as well. This trial was attempted, but a safety feature built into the process recipe
prevented the increase of the drum speed during the feed stage. The process
control engineer tried to change the code but was unsuccessful, and given the
limited campaign time, this part of the trial was abandoned. The safety feature was
only present on C-3 and not on any of the other centrifuges.
Max, Fill Wt. (kgs)
Min. Fill Wt (kgs)
Feed dewater time (sec)
Feed Speed
Spin 1 Speed
Wash Speed
Spin 2 Speed
Spinl Time
Spin 2 Time

Existing

New

50
25
240
800
1200
1200
1400

58
50
1
800
1530
1530
1530
5
8

7
15

Table 2.8 - Processing Parameters for Case Study II

Overall affect of time saving per section is outlined below;
FDW time = 4 mins
Spinl time = 2 mins
Spin 2 time = 7 mins

48

Chapter Two- Centrifuge Optimisation

•

Total saving of 13 mins per section. With an average of 35 sections per batch this
represents an estimated total processing time reduction of 7.6 hrs/batch. This
improvement represents a 30 % equipment time reduction.

The main change implemented was the change in the spin times. The sightglass on the
filtrate exit line was monitored for a number of sections and when there was no
visible filtrate being spun off, the spin time was reduced to this value. The wetcake
discharged from the centrifuge was sampled and analysed for % volatiles by the loss
on drying technique. The percentage volatiles in the wetcake increased from 10.2% to
11.2%
The only adverse effect that increased percentage volatiles would have is on the drying
stage of the process, as the product could take longer to dry. There was no evidence to
suggest that this occurred.
Vibration levels were maintained at pre-optimisation values and no leakage from the
basket into the solids housing was observed.

In summary, centrifuging time was cut by 8 hours, without having any effect on the
quality of the product manufactured. Further improvements can be made once the
safety feature preventing the drum speed from being increased during the feed stage is
removed

2.7 COMPARISON WITH I^COMMENDED VALUES FROM HEINKEL

Each parameter is now discussed, the values chosen by the student versus the values
recommended by Heinkel. It must be stressed at this point that Heinkel did not carry
out any specific tests using supplied product, their recommended values are generic to
a HF800 model inverting filter centrifuge.
Filling technique
Feed dewater times of between 1-60 seconds were recommended, and these values
were found to be the optimal ones for Lilly products also.
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The difference between the maximum and minimum fill weights for a HF800 model is
between 5-8 kgs. Given the low feed dewater time, it was necessary to keep these
values close together in order to achieve subsequent fills.
Drum Speeds
It is recommended that filling, spinning and washing are carried out at maximum
speed and this was suitable for any product tested.
Dewatering technique
Heinkel recommend using the spinning by weight method as described in section
2.2.4.3. They state that by using this method, the filter cake will be mechanically
dewatered to the lowest possible residual moisture without air drying. This technique,
however relies heavily on loadcell readings

2.8 FURTHER OPTIMISATION WORK
2.8.1 PRESSURE ADDED CENTRIFUGATION
The Pressure Added Centrifugation (PAC) system has been in use since 1991 in over
fifty systems world-wide. The system uses cold, compressed gas to pressurise the
process chamber by means of a GMP-compliant sealing system.
Filter cakes consisting of small particles may remain very wet or, worse still, will
retain a certain liquid level near the filter cloth, due to capillary forces. For these
products, the application of a constant pressure force is a distinct advantage to aid the
final stages of deliquoring. By applying a constant positive differential pressure across
the cloth, the benefits of centrifugal forces and constant pressure filtration are
combined to achieve flexible filtration equipment.
In a standard centrifuge, the accelerated weight of liquid on top of the cake provides
the driving force for filtration. With a bowl full of liquid at maximum speed, hydraulic
pressures in excess of 18 bar g can be achieved. [Heinkel, 1995] However when the
liquid drops towards the end of the filtration stage, this pressure drops, resulting in a
lower filtration rate.
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The mechanical design of the inverting filter centrifuge enables the uncomplicated
sealing of the process chamber. It is not necessary to design the entire machine as a
"pressure apparatus". Each machine can be subsequently equipped for this type of
operation. A rotating feed pipe assembly coupled with pressurised bellows to seal the
feed pipe to the bowl insert allows pressurisation of the bowl with up to 90 psig
pressure. When purchased as a separate option, the standard stationary feed pipe is
replaced with the new assembly. During the chosen spin cycles, the feed pipe will
accelerate to the same speed as the main shaft, and the radial membrane will inflate to
seal the feed pipe to the bowl insert. Pressurisation of the bowl with nitrogen can now
occur. The ever diminishing liquid head (diminishing driving force ) is replaced by
pressure. This allows for, either reduced spin time (i.e. increased capacity), reduced
residual moisture or both.
Heinkel report test results that show both an increase in capacity, and the achievement
of improved process performances. Increased capacity is due to quicker displacement
of the liquid standing on top of the packed bed and reduced centrifugation time.
Improved moisture behaviour is due to reduced capillary head and forced gas flow.
The residual moisture content required for achieving the product specification can be
reached much earlier, Heinkel cites cases where the total centrifuge cycle time is
almost reduced to one half
Application To Lilly Processes

At present Eli Lilly do not use a PAC system on any of their centrifuges. Heinkel
recommend the PAC system as a replacement for a dryer in some cases. This would
not be suitable for Eli Lilly as each centrifuge (except C-6) discharges its wetcake into
a dryer. However several processes have long final spin times of over 15 mins, one
process has a final spin time of 30 mins which accounts for about 70 % of the total
section time. It is for processes like these that the PAC system would be ideal. The
same level of residual moisture could be achieved but in a much shorter time.

51

Chapter Two- Centrifuge Optimisation

Reduced section times would lead to increased throughputs and reduced cycle times
on several products.
Heinkel have offered to test some processes on a pilot plant centrifuge at their test
facilities in Germany. These trial would show the influence the PAC system would
have on section time. The trials are free of charge but the customer must pay for all
transport costs and provide about 100 kg of slurry (equivalent to 12-20 kgs of
product). This would obviously involve some economic loss because of the yield
reduction in the batch that was sampled.
The Heinkel tests would give an indication of the likely benefits that could be
achieved through using pressure added centrifugation. The benefits could be evaluated
for one product and then roughly translated to others to allow the overall benefits to be
determined. These could then be weighed against the purchase and installation cost of
such a system. An estimate of the cost to retrofit a Hastelloy centrifuge would be in
the order ofIRP £62,000.
2.8.2 WASH OPTIMISATION
During the optimisation plan, the overall wash quantity was not adjusted. A Heinkel
unit often requires a third or a fifth of the washing medium compared to alternative
technology [McKinney, 1996], To optimise the wash quantity. It is neceassay to begin
with the wash ratio required by the laboratory or specified on the process ticket. The
filter cake discharged from the centrifuge should be sampled and analysed for
impurity levels. The wash quantity can then be reduced to 75%, 50% and 25 % of the
original value allowing a graph to be plotted of impurity levels versus wash ratio.
The minimum wash quantity can then be selected which meets the required product
quality specification.
Reducing the amount of wash would have two noticeable benefits:
•

Reduction in the cost of a bought-in solvent.

•

Reduction in the quantity of wash filtrate requiring treatment or waste disposal.
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A third benefit may be in the form of a reduced section time. This is because less wash
is used, therefore less time would be spent washing the cake and subsequently
removing the wash from the wetcake in the spin stage.
2.9 TROUBLESHOOTING GUIDE
This section deals with some of the common problems encountered while
commissioning and optimising Heinkel centrifuges. It is important that a
troubleshooting guide be developed for the more common problems so that these can
easily be dealt with should they occur. Each of the common problems are noted and a
list of possible causes given in order of likelihood. The possible causes are listed
according to likelihood, this means that cause (a) should be eliminated first.
2.9.1 SOLIDS LOSS IN FILTRATE
Symptoms: Reduced Yields, visible solids present in filtrate, cartridge filter on the
filtrate line blocking.
Possible Causes:

(a) Cloth is tom.
(b) Cloth incorrectly fitted / Wrong cloth is fitted.
(c) Slurry feed rate was too high
(d) Drum rotational speed too high.

Possible Remedies: (a) Stop the centrifuge and install safety locks to ensure it can't be
restarted from a remote control panel and extend the drum with the solids housing
open. Manually rotate this and inspect the cloth for wear. If tom, replace the cloth. (It
is therefore necessary to ensure that several suitable cloths are available at all times
otherwise production will be affected.). For extended filter cloth life, it is
recommended by the manufacturer to wash the filter cloth before and after an
extended shut-down to eliminate dry cloth operation. The cloth does not necessarily
have to be removed, washing in place is sufficient. The cloth is always replaced at the
end of each campaign to ensure product quality.
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(b) As in (a), stop the centrifuge. Ensure that cloth's o-ring are properly seated in their
groves. Ensure that the cloth's longitudinal seam is arranged so that it is placed on the
undrilled portion of the perforated plate of the bowl.
If there is doubt on whether the correct cloth has been used for the particular process,
replace the cloth with one that is known to be suitable i.e. correct size, aperture
opening and suitable material for the process solvents.
(c) Reduce the flowrate by throttling the control valve on the inlet line. The feed rate
may be too high for the drum speed chosen.
(d) Feeding the centrifuge with the drum rotating at maximum speed may lead to
increased product breakthrough for some products. Reduce the drum speed if
necessary and sample the filtrate to see whether the product concentration has
decreased.
The first two causes are the more probable and with these the solids loss in the filtrate
would be higher. For the last two causes, the product may only be visible during the
initial stages of feeding. At the start of centrifuging the only filter that retains the
product is the cloth itself, as the filter cake develops, this in turn provides an
additional filter so the loss is reduced.
2.9.2 SOLIDS HOUSING LEAKAGE
Symptoms: Drips emanating from the centrifuge basket and running along the feed
bar. Increased impurity levels in the product as the slurry contaminates the filtered
product.
Possible Causes:

(a) Large clamping ring o-ring is damaged/ incorrectly installed
(b) Feeding too fast or overfilling.
(c). Drum not fully closed.

Possible Remedies:
(a) Inspection of the o-rings is easily accomplished by opening the solids housing and
driving the drum to the open position. The o-rings are then easily visible.
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The o-ring installed must be compatible with the process solvents. Heinkel
recommend using EPDM clamping rings. These are chemically compatible with a
range of solvents and have the advantage of expansion properties thus providing an
effective seal.
(b) Filling the machine too fast can cause product to exit the annular space around the
feed pipe. Reduce the flowrate by throttling the control valve on the inlet line.
(c) The hydraulic system/lines may be airlocked. Bleed the system free of air .
This is unlikely to cause the leakage as there are safety features in place that prevent
the centrifuge from operating if the drum is not fully closed.(Section 2.2.2). These
would have to fail before this could cause the problem.
2.9.3 BOWL FAILS TO OPEN IN SPECIFIED TIME
Symptoms. During the discharge step, the bowl fails to meet its "open " limit in the
specified period of time. This safety feature* then shuts centrifuge down completely.
Possible Causes: (a) Failure of the low pressure , high flow pump.
This pump is responsible for opening the bowl. This pump not working properly may
be caused by several reasons. Absence of oil through leaks and presence of air in the
lines, together with a blocked filter all effect the pump's operation.
(b) As a last resort after the hydraulic system is checked and the problem is still
occurring. The allowable drum opening time may be increased. This will enable the
centrifuge to continue running but it does not address the root cause of the problem
and should be seen as a “stop gap” measure.
2.9.4 HYDRAULIC FAILURE
This is a quick guide on what to investigate if the centrifuge stops its operation
because of low hydraulic pressure. The hydraulic system has two functions ; it moves
the centre shaft on which the drum is mounted in the axial direction thus inverting the
filter cloth and discharging the cake and it keeps the drum closed during working
cycles. Two pumps are used, one (high pressure , low flow) is designed to maintained
* Outline given in section 2.2.2
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70 bar pressure on the drum keeping it closed, the other (low pressure, high flow) is
responsible for opening and closing the drum during discharge. The machine is also
equipped with a pressure switch on the axial hydraulic unit to prevent an acceleration
of speed with an open drum. This pressure switch should be set at 58 bar and the
machine will not run if the pressure is lower than this
When the centrifuge “goes down” or “trips” on hydraulics, it is important to look at
the centrifuge pressure gauge which is mounted on the side of the machine by the
cyclone. (This gauge should normally read approximately 70 bar during normal
centrifuge operation (except during discharge)).
A. If the gauge shows a pressure of approximately 70 bar and the machine has tripped
on hydraulics, then the problem is either with the pressure switch or with the filter
present on the hydraulic lines. Two actions are required:
1. Instrumentation technicians need to check that the pressure switch has not been
reset at a higher value. It should be set at around 58 bar.
2. Maintenance personnel need to check that the filter hasn't blocked.
B. If the gauge shows a pressure of around the 50 bar mark , then the problem lies with
high pressure hydraulic pump or its lines which may have become airlocked. The oil
level and pumps need to be checked

2.10 CONCLUSION
It was essential that the effect of each centrifuge parameter and their interactions be
understood before any study could be undertaken. It was also necessary to define the
centrifuge’s role in the production chain, what implication any change made may have
on product quality and the effect the operation has on downstream processing.
Commissioning a new centrifuge ensured that a thorough understanding of the
operation was obtained and improvement areas could be noted. The centrifuge
involved was the last unit operation in the manufacture of the intermediate product, so
any interaction with downstream processing could be ignored.
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The two case studies outlined show how two different approaches can be used to
improve the overall processing time of the centrifuge. In the first case the throughput
is increased by increasing the section size while maintaining approximately the same
section time. The number of sections is reduced, so the processing time is reduced. In
the second study, the section size is maintained but the section time is reduced by 13
mins, a section, so the increase in throughput is achieved here. Both approaches are
equally valid and it is through trial and error that the best situation is eventually
arrived at.
The final values chosen for the parameters did not always agree with the
recommended Heinkel values. The maximum weight was significantly lower at 58
kgs than the Heinkel recommended value of 120 kg. However the feedrate chosen was
also significantly lower than the Heinkel feed rate. This effectively means that the
same amount of cake was filter per section but using different methods. Heinkel
provide general advice and as such it should be treated only as a guide. It is better to
optimise the parameters for the particular product and equipment, rather than relying
on general information gathered by the manufacturer. This information should of
course always be consulted but it is not necessary to stick rigidly to it.
Further work on optimising the centrifuge may be carried out, the use of pressure bowl
technology in centrifuges has been shown to enhance and improve the performance of
these machines compared to their non-pressurised counterparts. It has been
demonstrated that the filtration process can be accelerated and in many cases moisture
values can be reached that cannot be reached by centrifugal force alone. The wash
quantities may also be optimised to reduce solvent purchase costs and minimise waste
disposal. Both these tests can be performed by Heinkel in their Germany test facility.
Trouble shooting guides should always be developed for major equipment items. They
provide a systematic logical approach of what may have caused the problem and how
it may best be solved.
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Centrifuge times have been reduced on all three products detailed, with cycle time
reductions on two of these. Time constraints ensured that not every product was
investigated, but a good change management system that has been outlined ensures
that transferring the knowledge gained from optimising one product can be achieved
with minimum difficulty.
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SUMMARY
The business plan for 1997 dictated that a total ofseven lots of a final product
he produced per week on the Final hulk rig. This drug was used to suppress
acidformation and used in the prevention of ulcers. At the start of 1997 this
requirement was not being achieved. On average five hatches per week were
produced. It was therefore necessary to optimise the process cycle time. The dry
processing end of the final hulk rig, where the product is isolated in a solid
form and dried, had previously been identified as a bottleneck for each product
manufactured there.
This chapter is dedicated to a case study on how the equipment in the final bulk
rig, which was causing the bottleneck, was optimised. It discusses how the
productivity business goal of seven batches per week was achieved with
significant economic benefits.
Initially the equipment type and method of operation is outlined. Next a unit
operation analysis study is detailed. This was performed with the aim of
determining the exact cause ofprocessing delays. The outcome of the study was
to highlight the dryer as the productivity limiting equipment item. Each stage of
the dryer operation was subjected to intense scrutiny in order to reduce its
overall processing time.
Several changes were made, including increasing the dryer jacket temperature,
drying the product in two rather than three sections and optimising the
centrifuge that feeds the dryer.
It was a combination ofall these changes that allowed a cycle time of 24 hrs to
be achieved. This represented a cycle time redution of 30%.
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3.1 INTRODUCTION
The "dry end" of the final bulk rig is the process bottleneck for every final step product
in the IE8 manufacturing facility. This section of the equipment rig consists of a
centrifuge with associated tanks, two dryers, two mills, a blender and a facility to
discharge dry cake into drums.. Centrifuge optimisation has already been discussed in
chapter 2. This chapter discusses how improvements made through centrifuge
optimisation were translated into improved product cycle time.
Product D2 is the final processing step in the production of a drug used for ulcer relief
and this product line was chosen for two reasons. Firstly, approximately half the annual
uptime on this rig was dedicated to this product, so improvements to the cycle time
would have a significant impact. As already discussed, the 1997 business plan
scheduled a productivity basis of seven lots of final product per week . This schedule
was devised in order to meet customer demand. This would mean an average cycle time
of 24 hrs/batch . At the start of 1997, the cycle time for this product averaged at 34
hrs/batch.
Failure to meet the business schedule would result in either customer dissatisfaction, or
a production reschedule of products. Both options would have an adverse impact on the
annual profits for the production facility.
The aim of this study was to ensure that production of the D2 product ran with an
average cycle time of 24 hrs.
3.2 BACKGROUND INFORMATION
This section is divided up into two parts. First the equipment is detailed with an
overview shown in Fig 3.1. The operation of the individual units is then outlined.
3.2.1 EQUIPMENT
3.2.1.1 Centrifuge
C-1 is a Heinkel self-discharging filter centrifuge, fitted with a variable speed drive,
nitrogen control panel and Schenk weighing system. The centrifuge is used to filter and
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wash a slurry of crystals. It has a self inverting filter cloth , which means that no
"plough" or scraping action is required to
discharge the wet cake. No residual material is left on the filter cloth and it is not
necessary to open the machine during discharge. Thus the operation of the machine is
fully automated.
The centrifuge is fed from feed tank T-12 by means of a sandpiper. The amount of feed
is controlled by the load cells . Tank T-103 contains the solvent wash which is
controlled using a flow meter. This tank is normally operated chilled, with the wash
line to the centrifuge being cooled by a jacket connected in series with the tank jacket.
Tank T-102 receives mother liquor from C-1. The mother liquor is pumped to waste via
a calmic filter press. It is fitted with a level transmitter, which allows it to pump out
automatically.
3.2.1.2 Dryers.

Dryers DB-2A and DB-2B are jacketed, vertical cylindrical, fixed shell, flat bottomed
dryers. They are manufactured by Guedu, and fitted with variable speed drive agitators,
lump breakers, modulating discharge valves and weigh cells. A filter housing, also
jacketed for venting and vacuum services, is mounted on the dome of each dryer. The
capacity of each dryer is 820 litres.
The jacket system is made up of three independent sections: the filter housing, the main
vessel up to the dome, and the dome itself This arrangement allows cooling to be
applied to the dome and filter, while the main vessel body is heating.
A hydraulic pack is supplied with each unit and is used:
(a)

To operate the agitator

(b)

To open/close the discharge valve

(c)

To raise/lower the lump breaker

(d)

To open/close the dryer lids.
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When the dryers are discharged via mills to the blender, the transfer chute is fitted with
shakers to assist the transfer.
The dryers are also fitted with pneumatically operated piston Axiom powder samplers.
These samplers consist of a sampling tube which is extended pneumatically into the
vessel when it receives a signal from the computer control system. It remains extended
for a predetermined time during which the sample is trapped in a cavity in the tube. The
tube then retracts and the sample is ejected by means of an auger into a plastic receiver.
3.2A3 Mills M-IIOA/B
Two mills Ml 1OA and MllOB are used to mill the material in transit from the dryers to
the blender. Material to be processed is gravity fed to the milling chamber, which is a
cone perforated with holes of the required dimension. The low velocity grinding rotor
forces the feed stock into a vortex flow path. The individual particles of ungrounded
product are centrifugally thrown out to the wall of the conical grinding chamber against
which they then rise in a spiraling path, undergoing size reduction as they proceed.
When they reach the top of the vortex they re-enter the feed stream to repeat the cycle.
A very large percentage of the product is reduced to below the cone aperture size on
initial impact, and is instantaneously discharged into the discharge chute. The design
allows maximum free space to the exiting material thus preventing the possibility of
product hold up.
3.2.1.4 Blender
Blender BL-2 is a jacketed, vertical cylindrical, flat bottomed Guedu blender fitted
with variable speed agitation, modulating discharge valve and weigh cells. It has a
capacity of 4200 1. The blender is fitted with a three part jacket system similar to that of
DB2A / 2B. Hydraulic facilities are also similar except that no lump breaker is
provided.
Blender discharge is via the modulating valve into the blender discharge chute which
can be fitted with a piston operated axiom powder sampler.
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3.2.1.5 Bagging Assembly
Ktron Hopper VH-l is a vertical cylindrical vessel fitted with load cells. Discharge to
BH-4 assembly is via a screw auger. This controls the flow of product into the unit.
A down flow booth, houses the bagging head BH-4 and an inflatable bellows is used
to seal drum liners to the unit. The receiving container is placed on a platform located
underneath the bagging head and local controls allow the platform to be raised and

Fig. 3.1 - OvenneM^ of Equipment
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3.2.2 GENERAL OPER4TION
Prior to centrifuging, the feed tank, T-12, is put into recirculation by means of pumping
through the centrifuge feed line and back to the T-12 overhead feed line. In addition
before the start of each batch, the tank containing the solvent wash for centrifuging, T103, is inerted and filled with solvent. During centrifuge operations, it's level is
controlled at a particular set point, through the remote addition of solvent to the tank.
The tank contents are put under automatic temperature control, as defined by the
process ticket. Similarly, tank T-102, which receives the waste liquid discharged from
the centrifuge, is inerted prior to the start of each batch and is put on automatic level
control. This level control involves pumping intermittently to a waste tank when a
certain level is exceeded.
At the start of each batch the centrifuge is inerted and vented to a scrubber under a low
flow of nitrogen via T-102. Product slurry is centrifuged by centrifuge C-1 using T-12
as the feed tank. The amount of feed is controlled by load cells, while the wash amount
is controlled by a mass flowmeter. Each section is washed with solvent from T-103.
The mother liquors and washes are sent to T-102 where they are directed to waste
treatment. Using Cl the cake is dried as much as possible via a spinning step and the
centrifuge then slows to discharge speed. If PC-100, the conical hopper is ready to
receive product, the discharge starts. The butterfly valve opens, the centrifuge drum
extends, the product transfers to PC 100, then the drum retracts. The butterfly valve then
closes and the valve to the appropriate dryer is opened and the contents are transferred
by vacuum suction and nitrogen pressure. The dryer route is then closed.
The above steps are repeated until T-12 is at a minimum level. Recirculation is stopped
and T-12 receives a final solvent rinse which in turn is centrifuged as above. After the
last shot the centrifuge is shut down ready for the next batch.
At the start of the batch, one of the two dryers DB-2A or DB-2B is selected by the
computer to receive the initial centrifuge discharges. When the first dryer reaches a
certain weight determined by the program, the other is automatically designated as the
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receiving dryer. Drying proceeds under temperature control and agitation until a
temperature rise indicates that drying is complete. A sample is then taken to confirm
that drying is finished. This sample is analysed for residual cake moisture. If this passes
the specified level of dryness as dictated by the process ticket, then the dryer is cooled
under vacuum.
Dried product is then de-lumped as it is discharged, using the Mills Ml lOA /B
respectively , into the blender BL2. The transfer mills, purged with nitrogen, are
operated at 2900 rpm through a one micron rated screen. The blender inlet butterfly is
opened, and the discharge rate is controlled by the dryer outlet valve and the dryer
agitator.
The blender is vented to a scrubber under a low flow nitrogen while it waits for the
next discharge from the other dryer. The agitator of the blender is operated
intermittently. When the batch is complete the blender contents are agitated for an
additional period to blend the product. This is a temperature controlled operation. The
final step involves dispensing the product into drums via the bagging head BH4.

3.3 PROCESS PERFORMANCE
The starting point for any optimisation has to be an assessment of the existing process
performance. This had never been carried out in detail previously and would prove to
be an invaluable tool in the identification of problem areas. Three successive batches
were monitored in detail. The lots were tracked using recipe steps which indicated
when the particular operation was booked to and released from a certain batch. An inhouse computer package was then used to track whether the equipment was operating
or idle during the time it was booked to the batch. Operators were requested to record
the cause of any equipment downtime in a communications log in order to determine
whether any trend could be identified.
A Gantt chart ,which presents a graphical representation of three successive lots, is
shown in Fig 3.2. It allows for the easy identification of some of the causes of the
downtime. A summary of the information gathered is then given.
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3.3.1 UPSTREAM PROCESSING

The dry end operations of this rig had previously been identified as the process
bottleneck. Upstream processing involved "wet" processing operations, filtering,
crystallising etc. The study confirmed that these units did not influence the process
cycle time. This is shown by the fact that the preceeding process vessel to T-12, (T-11,
a crystalliser) could not be processed foward because it was waiting on T-12 to
complete it’s activities. On no occasion was T-12 delayed due to the wet end unit
operations. This confirmed that:
Cycle timewet end < Cycle iimedry end

3.3.2 CENTRIFUGING

The centrifuge was booked on average for 31 hours a batch. During this period it was
actively processing a batch 71% of this total time. However this means that for between
8-9 hours a lot, the centrifuge was idle. When the causes of this downtime was analysed
in more detail, dryer unavailability was found to be the cause, contributing to 80% of
this downtime. This analysis consisted of reviewing the in-house computer system as
detailed in section 3.3. The centrifuge could only centrifuge the slurry if a dryer was
available to receive the wet filter cake as it discharged. If both dryers were occupied ,
drying different sections of the batch, then the centrifuge was prevented from
processing any more of the batch or the next batch. Equipment related issues like
failure of oxygen analysers or valve mismatch accounted for the remainder of the
downtime.
3.3.3 DRYING

Each batch was dried in three sections. The drying operation was broken into three
stages: filling, drying and discharging. This is shown in Fig. 3.3.
Filling:- This step is made up of receiving centrifuge sections to a specified weight.
For the first two sections this setpoint is 250 kgs and the third section is made up of the
remainder of the batch, normally 120 kgs, or half the size of the first two sections. The
activities of the centrifuge dictate how long this step takes, as it directly feeds the dryer.
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On average, it took over 12 hours to fill each of the first two sections, while the dryer
containing the third section was filled in 6 hours. This was consistent with the
quantities involved, given that the first two sections contained approximately twice the
quantity of the third section.
ssx
250 kgs

Dry er Vacuum
Dry er Jacket Temperature

25“C

Dryer Internal Temperature

20''C

Weight of product
5°C

-►

Filling

♦-

-►

Dryuig

4-

Discharge

Graphic Guide
During the filling section, the schematic shows the increase in the dryer weight as the dryer is filled the
dryer is under full vacuum , the jacket temperature is constant at 25°C. The internal temperature is lower
that the jacket temperature because the temperature of the wetcake discharged from the centrifuge is less
than 10°C.
Duing the drying time, the jacket temperature increases to 55°C , the dryer remains under full vacuum ,
the internal temperature rises as heat is transferred to the batch from the jacket and the weight of the
product decreases as the solvent is evaporated. The produt is sampled and when the drying specification is
met jacket setpoint is changed to 5°C The internal temperature drops as the product is cooled for
discharge
During the discharge section , vacuum is broken and the weight in the dryer drops as the product is
unloaded

Fig. 3.3 - Schematic of Dryer Operation

Drying:- The drying stage involves heating the product under vacuum to remove any
residual solvent from the wetcake. During this stage the dryer no longer receives
O

product, the jacket temperature has been raised to a setpoint, 55 C. The agitator is
rotating under a specified rpm value and the dryer is under full vacuum. When the
internal temperature reaches a setpoint that is process specific, the product is sampled
and submitted for analysis . The analysis test employed measures residual moisture
content. If this is within the process specification then the jacket temperature is lowered
O

O

to 5 C when the internal temperature drops below 25 C, the drying process is
complete and the batch can be discharged. This whole stage averages about 8.5 hrs for
the first two sections, and 6 hrs for the third section.
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--------- jUTT^mi
3*"° Section
Section (hrs)
(hrs)
6:10
12:00
Filling
8
:30
6:00
Drying
0: 56
0: 52
Discharging
21:26
13:02
Total
Table 3.1 Average processing times for dryer sections

The third section, although containing approximately half the quantity of wetcake
compared to the first /second sections, does not dry in half the time. The drying process
was completed in roughly 70 % of the time taken to dry the first and second sections.
The main reason for this is that during the drying stage, a sample is taken to confirm
dryness and the sampling and analysis stage would usually take 1.5 hours. This was the
same for all sections regardless of size.
Discharging:- There was no difference between the first two sections of a batch and
the third. The average discharge time is less than one hour at approximately 56 mins.
3.3.4 BLENDING AND BAGGING

The blender needs to be available to accept a batch once the first dryer section is ready
to discharge. It will only have an impact on the cycle time of the product if the
equipment was unavailable at this point. This has never happened during normal
operations. If the bagging process (i.e blender discharge) was long, then the blender
would be unavailable for the next batch. This is not the case. Therefore these
operations are not a cause for concern in relation to cycle time issues.
3.3.5 CONCLUSION

The drying stage dictated the cycle time of this process. However each dryer is
influenced by the operation of the centrifuge as it determines the length of the dryer fill
stage. The wet end processing units and the blender and bagging operations do not
influence the cycle time during normal operations.
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3.4 IMPROVEMENT OPTIONS
3.4.1 DRYING

The drying operation was identified as the cause of the bottleneck. Because of the set
up, the centrifuge was idle for approximately seven hours per batch. This downtime
was caused by the absence of an available dryer to allow the wet filter cake to be
discharged from the centrifuge. The drying of a batch in three unequal sections meant
that when the centrifuge was ready to centrifuge the third section of the batch
consisting of approximately 10-12 centrifuge sections , both dryers were already
occupied and were therefore unavailable to receive any further discharges from C-1.
The total dryer time for the first two sections averaged at 21.5 hours while the third
section took 13.5 hours.
The quantity of wetcake making up each dryer section is small relative to the dryer
capacity. This was verified by visual examination of the dryers when processing a
batch. The first two dryer sections looked to occupy approximately half the available
capacity.
Two options were available, either dry the batch in two sections or dry the batch in
three equal sections. When previous campaign records were checked, it was noted that
originally the batch had been dried in two sections, but because of several deviations,
(differences from normal practice) when the product failed to meet the required
specified level of dryness, there was cause for concern. One of the counter-measures to
prevent such a deviation from recurring was to dry the batch in three sections.
Another improvement that could be made to the dryer operation was during the fill
stage of the operation. The fill stage accounts for 50% of the total dryer time. During
this period the dryer was under vacuum and the jacket temperature was set to 20 ^C.
Therefore at this stage the dryer was simply acting as a receiver vessel. It was proposed
that this fill stage could be better utilised by attempting to begin the "drying" stage
earlier. This could be achieved by raising the jacket temperature, thereby increasing the
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internal temperature, allowing more solvent to be vaporised and removed by the
vacuum pumps. It would hoped that this would lead to a decrease in the solvent loading
in the subsequent drying stage and hence reduce the drying time.
3.4.2 CENTRIFUGING
The commissioning stage of a new centrifuge provided information on centrifuge
optimisation. This was discussed in detail in chapter two. Following an initial review of
the centrifuge parameters it was clear that the operation of C-1 could be greatly
improved through a choice of alternative processing parameters. Optimising the
operation of the centrifuge would serve to reduce the filling time of the dryer, as the
centrifuge dictates the length of this operation. This is outlined in section 3.7.
3.4.3 GENERAL
It was discovered when reviewing the processing times for the drying operation in
detail that due to the lack of critical alarms, an operator could often be unaware of a
problem with an equipment item. This was because they were monitoring the operation
of a different vessel in the train at the time. Alarms, prompts and messages associated
with that vessel only would appear on the monitor. While the problems that occurred
were non critical in terms of product quality, they could have an impact on the cycle
time e g poor vacuum due to vacuum pump problems. It was therefore recommended
that all messages relating to problems with bottleneck equipment appear on the final
bulk monitors, regardless of what screen/vessel was being monitored. This change was
implemented in order to improve operator awareness of problems that could relate to
the cycle time of the product.
3.4.4 IMPLEMENTATION
All the above suggestions could only be carried out as plant trials. The change
management system outlined in section 1.2.3 dictated that only one change should be
implemented at a time, in order to determine the effects of each individual change. This
was the procedure followed.
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The change was implemented for three successive lots for each plant trial. The effect of
the change was then assessed. While this procedure was carried out, the lots were
processed at the original values until the change was approved. The changes presented
in the following sections have been assessed over three successive lots. The overall
effect is then discussed in section 3.8.
3.5 DRYING IN TWO SECTIONS
This section details a plant trial to investigate the benefits of drying the batch in two
sections, rather than the existing three. As stated in section 3.4.1, the batch was
originally dried in two sections, but as a result of drying deviations or abnormalities,
this was changed to three sections. However at the time there had also been reported
problems with the vacuum pumps leading to poor vacuum levels in the dryer. This
problem would also account for poor drying results.
The aim of this trial was to schedule production so that the centrifuge would be
actively processing a batch and would not be waiting for a dryer, either during or
between lots. Centrifuge downtime could only be eliminated if a dryer was available at
all times to receive the wet filter cake discharged from the centrifuge.
The dryer setpoint was adjusted from 250 kgs to 310 kgs, to allow the batch to be dried
in two sections. These batches were monitored to ensure that (1) the dryer did not
overfill (visual examination of quantity in dryer) and (2) that the residual moisture
content of the product did not increase as this would have an effect on the final
product quality.
Fig. 3.3 shows a Gantt chart for the three lots in question. Drying time was measured
from the time the dryer was filled to the specified fill weight until it discharged its
load. Total dryer time comprised of fill time plus drying time. Lots 06-08 JN7 were
chosen for comparison because there was no significant downtime due to
equipment related issues for these lots.
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This meant that any downtime on the centrifuge was due to dryer unavailability only
and not due to equipment related problems. Tables 3.2 and 3.3 compare three section
versus two section drying.

006JN7
007JN7
008JN7
Average

Centrifuge
35.8
27.5
32.0
31.8

Drying Time
9.3
10.5
7.8
9.2

Total Dryer
45.1
38.0
39.8
41.0

Table 3.2 Three section drying

016JN7
017JN7
018JN7
Average

Centrifuge
22.3
27.2
27.6
24.0

Drying Time
12.6
9.3
13.7
11.8

Total Dryer
34.1
36.5
36.3
36.0

Table 3.3 Two section drying

Monitoring the operation for three lots only introduces a certain degree of error, as the
limited trial number may not show a true reflection of the change. However as this
trial was performed using plant material at production scale, it was not possible extend
the number of batches in the trial.This was a plant management decision. Drying in
two sections had the following results:
Centrifuge time was reduced from over 3 Ihrs to 24 hrs. This was because it was
operational all the time. C-1 was not waiting during a lot or between lots for a
dryer.
Drying time increased from 9.2 to 11.8 hours. This was due to increased volumes
of wetcake to be dried per section.
Total dryer time decreased from 41 to 36 hours.
The residual moisture content of the product was within the acceptable processing
range as specified by the process ticket - it did not increase. Therefore the product
quality was not effected.
There was a reduction in the centrifuging time because the main cause of downtime
was eliminated. The drying time increased because the dryer was processing
approximately 60 kg extra per section. However the overall dryer time decreased from
41 to 36 hours, a saving of 5 hours. This represents a 12% reduction in the dryer time.
As this change improved cycle time for these three lots, but did not alter product
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quality, it was approved by production and quality management under the change
control system, who were delighted by the trial success.

3.6 INCREASING JACKET TEMPERATURE DURING FILLING
While the dryer is receiving wetcake from the centrifuge, it acts simply as a receiver
vessel. In order to optimise the current set-up, this fill time should be better utilised.
o

The existing operation had a temperature set point value on the dryer jacket of 20 C
o

during the filling stage. However the internal dryer temperature was only 8 C. If the
jacket temperature was increased during this period, it would allow the solvent to be
evaporated off at this stage as the internal batch temperature would also rise.
The drying process could thereby be commenced as soon as the dryer received the first
centrifuge section. The heat-up stage , where the internal temperature is increased to
the drying temperature, would also be shortened as the internal temperature will be
higher and will reach the desired setpoint sooner.
The change was implemented on one dryer (DB2B) only for three lots. This decision
was made on a risk basis, i.e. if problems occurred only half the batch was at "risk". It
also allowed the times of the two dryers to be compared for the same batch. It was
important to ensure that the heat supplied by the jacket was evenly distributed to the
product and the dryer kept under full vacuum. The program was changed so that the
agitator was activated every five mins and rotated at 5 rpm for a minute each time.
Changing the jacket temperature during this stage could result an increased amount of
product "balling" as wetter product from the centrifuge was mixed with drier product
already in the dryer. Therefore the lump breaker was activated, after each centrifuge
section was discharged into the dryer, by the program.
No problems were recorded or observed with "product balling". Milling times for each
section were similar to those on DB2A, which means that the action of the lump
breaker helped break any product balls , which may have formed. Investigating the non
action of the lump breaker was not allowed by the building management.
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Analysis of the residual moisture levels was carried out and all results were within the
required specification. Table 3.4 shows the influence of the implemented change on
dryer heat -up times.
Each section processed by DB2B exhibited shorter heat-up times for the same quantity
of product under the same vacuum levels. This was because the internal temperature in
o

o

the DB2B was higher at 20 C compared with the temperature in DB2A of 8 C.
LOT
DB2A
DB2B
25JN7
7.13
3:02
26JN7
10:09
5:58
27JN7
9:27
7:58
Table 3.4 Dryer Heat-up Times

At increased temperatures, the quantity of solvent that evaporates increases. Therefore
at the end of the fill stage, the product in DB2A (no change), when sampled showed a
higher percentage of volatiles (not as dry) when compared with the product in DB2B.
As DB2B showed improved times without any reported problems or effect on product
quality, the change was implemented on both dryers as standard operating practice.
Increasing the jacket temperature for all stages of the operation of the dryer would
make sense, however the process ticket prevented this. The maximum jacket
temperature for this product was set at 55 ‘'C. This was a regulatory commitment.
3.7 VACUUM IN DRYERS
The final bulk rig is served by two vacuum pumps. These pumps are used to inert tanks
and to pull solvent vapours from the dryers. The aim of this set-up was to ensure that
one of these pumps was dedicated to wet end operations e.g. inerting the tanks and the
other would serve the dry end operations. This set-up was not always in practice; it was
discovered that for long periods of time, one pump was performing all the tasks while
the other was idle.
As a result, poor vacuum levels were sometimes evident in the dryer. It was important
to have good vacuum levels in the dryers as vacuum plays an important role in the
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drying process. The vacuum level affects the boiling point of the solvent. At increased
vacuum, the boiling point decreases. This means that more solvent is vaporised and can
be removed from the product at lower temperatures. In order to ensure that good
vacuum levels were maintained the pump set-up was changed to reflect the original aim
of buying two pumps. This was achieved through changes in the code that dictates the
operation of the pump.

3.8 OPTIMISING CENTRIFUGE OPERATION
The centrifuge operation was investigated with a view to reducing it’s processing time.
It played a critical role in bottleneck for the process. It was hoped that by improving
the operation of the centrifuge, that a reduction in the overall cycle time would be
achieved. This step would serve to reduce the dryer fill time as well. The main details
of centrifuge operation were discussed in chapter 2.
Table 3.5 shows a brief summary of the outcome of the study.

Centrifuge time (hrs)
Throughput (kg/hr)
Section Time (mins)
No of sections

Existing

Optimised

24
162
30
48

16
325
32
30

Table 3.5 - Summary of Results of Centrifuge Optimisation

The overall throughput increased by 163 kg i.e. it doubled. Section times increased by
two mins a section, but since the overall number of sections decreased, this led to a
reduction in the total processing time of C-1 from 24 hrs to 16 hrs. This allowed the
main process to run at an average cycle time of 24 hours.
This reduction was achieved through choosing alternative processing parameters that
increased the section size but still maintained roughly the same section time. Therefore
the total number of sections was cut from 48 to 30 and the equipment time was
reduced by 33 %.
The centrifuge has the following effect on the dryer time, it decreased its fill time but
because the filtercake discharged from the centrifuge contained more solvent than pre-
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optimisation values , it led to a slight increase in the drying time. Overall however
dryer times were unaffected as both decrease in the fill time and increase in the drying
time cancelled each other out.
Product quality was unaffected by the processing changes, the potency and impurity
profile remained unchanged.

3.9 EFFECT OF CHANGE
As the dryer was the cause of the bottleneck, most of the changes were
carried out on this item.
The main difference is that the dryer capacity is utilised more efficiently. The number
of sections in which the batch is dried decreased from three to two, thereby increasing
the section size by 60 kgs. The fill time was shortened through centrifuge optimisation
and is now being used to start the drying process. The overall effect was an
improvement in the total dryer time as shown by Fig 3.6.
Graphic Guide:
*= High values are due to equipment related problems.
A= Existing operation (batches 1-15), B= Two section drying trial (batches 16-18),
C== Existing operation pending approval of changes (19-21),
D = Two Section Drying implemented(22-24); E= Increase in jacket temperature on DB2B(25-27),
F= Increase in jacket temperature in both dryers (29-30); G= Centrifuge optimisation trials (31-33)
H= Original Centrifuge parameters pending approval of changes (33-37), I = Optimised operation (38-61)
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Fig. 3.6 Graph showing Change in Total Dryer Time
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The current average time of 28 hrs is an improvement of 14 hrs or 33 %he existing
time.
Fig 3.7 shows the effect centrifuge optimisation had on centrifuging timie average
time decreased from 34 hr to 16 hr, a 53 % decrease.
Graphic Guide:
*= High values are due to equipment related problems.
A= Existing operation (batches 1-15); B= Two section drying trial (batches 16-18);
C= Existing operation pending approval of changes (19-21),
D = Two Section Drying implemented(22-24), E= Increase in jacket temperature on DE5-27);
F= Increase in jacket temperature in both dryers (29-30), G= Centrifuge optimisation tril-33)
H= Original Centrifuge parameters pending approval of changes (33-37); I = Optimised tion (38-61)

Fig. 3.7 - Overview of Centrifuge Times

Cycle time is measured from the start of one batch to the charging of the ilot into
the system. The first fifteen lots in 1997 had an average cycle time of 34.2
When the batch was dried in two sections instead of the previous three, therage
time decreased to 31 hours. Once the operation of the centrifuge was optiri, the
cycle time dropped by a further 6 hrs to 24 hrs.
Fig. 3.8, the graph shows the significant decrease in cycle time following Ivo
section dryer trial and changes made to centrifugation
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Graphic Guide:
*= High values are due to equipment related problems.
A= Existing operation (batches 1-15); B= Two section drying trial (batches 16-18);
C= Existing operation pending approval of changes (19-21);
D = Two Section Drying implemented(22-24); E= Increase in jacket temperature on DB2B(25-27),
F= Increase in jacket temperature in both dryers (29-30); G= Centrifuge optimisation trials (31-33)
H= Original Centrifuge parameters pending approval of changes (33-37); I = Optimised operation (38-61)

Fig. 3.8 - Cycle Time Changes

The processing time is measured as the sum of the time for each equipment. This
decreased from an average of 86 hrs to 64 hrs, a reduction of 22 hrs, equivalent to a
25 % reduction.
Fig 3.9 shows how centrifuge optimisation reduced the cycle time by the greatest
amount. This was responsible for 65 % of the total reduction. Drying in two
sections accounted for 30 % of the overall improvement.
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The effect of increasing the jacket temperature setpoint did not contribute significantly
to the overall time reduction. This change was responsible for approximately 5% of
overall the improvement witnessed.
The optimisation process reduced cycle time from 34 hrs to under 24 hrs which was the
goal. Since all the changes were implemented more than 20 lots have been produced
with an average cycle time of under 24 hrs.
The changes made, translate into a saving of five weeks rig time or over IRP £130,000,
using typical annual production figures. The changes allowed an additional 10 lots to
be produced at an economic value of approximately IRP £1.2 million.
3.10 FURTHER POSSIBLE IMPROVEMENTS
The cycle time for this process can be further improved upon if desired. This section
details some further ideas that may be investigated.
Additional improvements could be achieved through a slight modification of the
cooldown stage of the drying operation. Currently, once the sample confirming dryness
has been taken and has passed specification, the jacket temperature is reduced from
o

o

55 C to 5 C and the dry product is cooled. When the internal temperature reaches
o

25 C, the product is ready to be discharged from the dryer and milled. When this step
was scrutinised, it was found that the cooldown process proceeds quite rapidly from
o

o

55 C to 30 C, however it took over an hour for the internal temperature to drop from
30'’C to 25''C.

If the end setpoint was increased to 30 C, the dryer time could be reduced by an
additional hour, which would translate to further cycle time reduction. This "hotter"
product would not impact operator health and safety, as the product is fully contained
and operator contact is nil. This change is within process specification which states that
O

"the product is milled at between 25-30 C ".
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Section 2.8.1 detailed a pressure added centrifugation (PAC) system that can be
retrofitted onto existing Heinkel centrifuges. The PAC is suitable for processes that
have long final dewatering stages during centrifugation. This product has a final spin
time of 15 mins, which accounts for approximately half of the total section time of the
centrifuge. Therefore the PAC system could benefit this process. If this time could be
reduced to 5 mins, by using the PAC system, this would lead to a reduction of 3.5 hrs
in centrifuging time. Heinkel will perform tests using actual product to determine exact
benefits and this can be used to determine the economic justification for purchasing
such a system.

3.11 EFFECT ON OTHER PROCESSES
This study was carried out on a particular process, however the results obtained could
be translated to other products as well. It is particularly important to translate these
results to the other products on the final bulk rig as the dry end operations are
responsible for the process bottleneck. This case study can be used as a template to
implement further changes. The first step is to evaluate the existing performance and
through the use of Gantt charts, identify the exact cause of the bottleneck.
Drying Changes
Increasing the Jacket temperature has been implemented on a further three processes.
For each process reductions of up to an hour on cycle time subsequent to the change
have been realised.
The key to this success is to ensure that the temperature is evenly distributed
throughout the product. This is achieved by programming the agitator to periodically
rotate.
The decision on whether the batch can be dried in a reduced number of sections as in
this case must be based on existing performance information, section size and dryer
capacity.
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Centrifuging Changes
This has been already covered in chapter two but in summary, all products have been
divided into categories determined by their filtration characteristics. This has been
achieved through lab tests and through consultations with the process chemists.
Recipes have been developed for each category' and may be applied to other products in
the same category.
Final Bulk Equipment Rig
For final bulk products the centrifuge and dryer operations are critical. An initial
review of the other products show that similar improvements can be made for these. If
implemented, the final bulk rig would be open to receiving new products or producing
existing ones in greater quantities.
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Chapter Four -Liquid-Liquid Extraction

SUMMARY
The extraction stage and subsequent solvent distillation step contribute to the
process bottleneckfor three products. Optimising these steps would not only
reduce the cycle time of the product but it would also enable the solvent demand
to be reduced, with a corresponding reduction in the cost of this bought-in raw
material. There would also be a significant environmental benefit, given that less
solvent would need to be purchased and handled.
The objectives covered in this chapter were to investigate and develop
improvement options for each process.
The theory behind the liquid-liquid extraction operation and a number of
industrially available extractors is outlined briefly. Case studies that detail each
of the processes and how their operation may he improved are then discussed.
The registration document of the product influences which course of action was
taken for each product, but two main areas were investigated.
The first was to replace the current extraction equipment with a unit that was
specifically designedfor the application. The Kunhi column, which is a
continuous counter current agitated column was chosen as the most suitable
extractor. Pilot plant trials were carried out using this column, andfrom these,
the column was scaled up to plant size. The second option investigated was to
assess and optimise the existing set-up, by reducing the amount ofsolvent
employed.
Economic considerations determined which option was further developed.
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4.1 INTRODUCTION
Liquid-liquid extraction (LLE) is a separation process based on the unequal solubility of a
substance in two immiscible liquids. The substance to be separated is transferred from
the raffinate phase to the solvent phase by a purely physical transfer process. This is used
as a separation method in three of the IE8 processes.
Following the initial review outlined in chapter 1, it was found that the extraction step in
each of these products was either directly or indirectly responsible for the process
bottleneck. Optimising the current set-up could lead to a cycle time reduction and also
enable the solvent demand to be reduced. Solvent reduction would have several benefits,
such as lower purchasing costs of a bought -in raw material and lower treatment costs for
its disposal following the distillation step. There is an additional benefit in that with less
solvent being used, the time for the next processing step, solvent distillation, is reduced
so the product will be affected for a shorter time by the temperature at which the
distillation is carried out.
The aim of this investigation was to determine whether the current extraction method
used could be improved upon and the cost of such an improvement system.
The equipment used for each process was not specifically designed to perform
extractions, they were merely glass lined tanks with agitators. It was therefore decided to
investigate industrially available extractors that might be suitable to replace the existing
system. In conjunction with this study, each process was investigated to determine
whether the current system could be improved upon without a significant capital
investment.

4.2 LIQUID-LIQUID EXTRACTION
This section outlines some theory behind the operation and the type of equipment that is
industrially available. It then selects the most suitable device to fit the application.This
investigates option one previously outlined ; - replacing the current system with an
extractor specifically designed for the processes.
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4.2.1 BACKGROUND THEORY
Liquid-liquid extraction (LLE) is a mass transfer operation in which a liquid solution - the
feed, is contacted with a second immiscible or partially misicble liquid - the solvent, that
has been carefully chosen to preferentially extract a desired component - the solute. Two
streams result from this contactthe extract which is the solvent rich solution containing
the desired extracted solute, and the raffinate, the residual feed solution containing little
solute. Both streams are in equilibirium with each other. Fig.4.1 below shows a
theoretical extraction column the streams involved entering and exiting any extraction
process. While LLE has some similarities and links with distillation, the separation relies
on differences in chemical structure rather than differences in boiling points.
Hxlrar*

Raffinate

Fig 4.1 Outline of LLE

LLE is rarely a stand-alone operation. It nearly always requires at least one distillation
step as an adjunct, because the extract streams contain not only the desired component
but also some solvent. Most LLE process distill this stream to purify the desired
component and recover the solvent.
In extraction two liquid phases that are not in equilibrium with each other are brought
into contact. Once contact is established, solute will diffuse through the films adjacent to
the interface from the feed phase into the solvent phase, seeking to reach the state of
equilibrium that is implied by the distribution coefficient. This is defined as;
m

where:
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m is the distribution coefficient
the concentration of component a in the extract liquid
the concentration of component a in the raffinate liquid
In considering the use of a particular solvent to separate the components of a two
component liquid solution by LLE, the concept of selectivity defined as:
a= mymb

where:
a is the selectivity of that solvent w.r.t. the components
the distribution coefficient of component a w.r.t. solvent
and feed stream
the distribution coefficient of component b w.r.t. solvent
and feed stream.
Component a is regarded as the solute to be removed from the feed stream by the
extraction process, and component b is the substance or diluent that is to remain in the
raffmate.The deviation from equilibrium provides the driving force whereas the
resistance to interface mass transfer controls the speed with which this equilibrium is
approached. In the transfer of solute from the feed to the solvent, each of the two phases
exhibits its own resistance whereas resistance at the interface is negligible in comparison.
Accordingly, extraction equipment attempts to maximise interfacial area and minimise
film thickness. Interfacial area is primarily controlled by droplet size. It is desirable to
create drops that are as small as possible and distribute them uniformly throughout the
continuous phase. These aims must be balanced against other factors, such as throughput
capacity and emulsion formation.
4.2.2 EXTRACTION EQUIPMENT
An overall review of industrial extractors is given in Fig 4.2. The different types of
apparatus will now be described briefly. Any extractor, regardless of its design, has three
major functions. These are to
1. successively bring the liquids into contact with each other,
2. create droplets of the dispersed phase so as to provide interfacial area for mass transfer
3. separate the liquids after the extraction has taken place.
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There are fundamentally two kinds of extractor. Stage wise extractors consist of discrete
units, in which each phase is brought into contact and mixed, separated and sent onto the
next unit. Differential extractors provide continuous contact and mass transfer along the
full length of the device. Extraction equipment attempts to maximise interfacial area and
minimise film thickness.
4.2.3 MIXER SETTLER

The simplest type of liquid-liquid extraction apparatus is the mixer-settler battery. It
consists of a mixing chamber and downstream settler that can be integral or separate from
the mixing chamber. In the integrated system the mixing and settling chambers are
separated by a slotted baffle. In the mixing unit, pumps, mixing nozzles and static mixers
are used as mixing elements. Most settlers consist of a horizontal vessel because
experience has shown that the separating efficiency is proportional to the area of the
phase interface. Tower and wire mesh packings can be present at the inlet to the settler to
improve separating efficiency. Mixer-settlers offer advantages in a number of situations:
• Very high flowrates - the equivalent column diameter would be large.
• When the residence time is important
• Processes requiring intense mixing and small droplets to promote mass transfer
Some of the disadvantages include
• Large space requirement
• Large operating volumes , high solvent costs
• High energy and control expenditures due to individual unit installation.
Liquid-liquid extraction
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4.2.4 SEPARATORS
A separator is an extractor that operates on the mixer-settler principle whose phase
separation is achieved through centrifugal force. There are two differently designed
systems that fall into this category.
Chamber type separators include the Robatel extractor, these consist of a chamber and a
separator. Disk separators have a large number of conical disks installed in it’s chamber.
These disks ensure very thin liquids and therefore short paths for the separation of
droplets.
4.2.5 CENTRIFUGAL EXTRACTORS
This type of apparatus occupies an intermediate position between separators operating on
the mixer-settler principle and column extractors.
In the Podbielniak extractor a number of concentric sieve trays are located around a
horizontal axis through which the two liquid phases flow in a countercurrent pattern.
Liquid inlet and outlet are accomplished through the shaft. Three to five theoretical
stages per machine are achievable. This extractor is not suitable for processing
emulsions.
A unit of fairly similar design is the Quadronic extractor, the significant difference to
the Podbielniak extractor being that the free cross sectional area of its internals is
adjustable so that it can better handle different loads. It has a higher number of stages
which is achieved through better cross mixing of the two phases
4.2.6 COLUMN EXTRACTORS
When liquids flow countercurrently through a single piece of equipment, it is posible
to have as many theoretical stages as desired. In such devices, the countercurrent flow
is produced by virtue of the difference in densities of the liquids. If the motivating
force is gravity then the extractor usually takes the form of a vertical tower; the light
liquid entering at the bottom, the heavy liquid at the top. Since continuous interface
renewal has a significant effect on mass transfer, it will consequently affect the
necessary column height. In various types of column this is accounted for through
energy input
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4.2.6.1 Columns without energy input
Columns without energy input include those operating without external influence on the
liquid flow and droplet distribution. The efficiency of these units is fairly low because the
droplet size distribution is unfavourable and interface renewal is poor.
The simplest type of column extractor is the spray column. This consists of an empty shell
with provisions at both extremities for introducing and removing liquids. The droplets of
the dispersed phases are generated only at the inlet usually by means of annular spray
nozzles. The throughput of the column is dependant on the density differences and
viscosities of both phases. Because the shell is empty this allows total freedom for the
liquids to move making them the worst axial mixing offenders. This type of undesirable
mixing increases with increased diameter to length ratios. Horizontal baffles have been
used to reduce the axial mixing but to little effect. Therefore these columns are rarely
used.

Packed towers are filled with random packings which serve to reduce axial mixing and to
aid the formation of drops. The nature of the liquid flow in such towers requires that the
choice of packing and arrangement of dispersed -phase distributor be given careful
consideration. It is virtually essential that the packing and other column internals be
preferentially wet by the continuous phase. If the dispersed phase preferentially wets
them, the droplets from the distributor at the inlet will coalesce on the wettable surface.
Packed column extractors offer advantages when only a few stages are required. They can
be difficult to scale-up however, and are subject to plugging if solids are present.
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A sieve tray column is designed in the same principle as a distillation column and uses
weirs and downcomers. The droplets are reformed on each tray. The throughput through
these columns depends on the difference in density of the two fluids and the height of the
backup layer under the trays. Efficiency is determined by the spacing of the trays and by
the height of the backup. Their advantages include relatively high throughput capacity and
simple scale-up due to limited back mixing. However they are very susceptible to solids
plugging and have a relatively narrow operating range with respect to throughput.
4.2.6.2 Columns with energy inputs
For columns having energy input, the mechanical energ>' will improve the formation of
new droplets and increase the interfacial turbulence. This results in greater efficiency. The
required energy is introduced either through agitation or pulsation.
Agitated Columns
Because of this set-up, the efficiency and mass transfer are high but so too is the capital
outlay. The oldest agitated column was the Scheibel column whose agitators were
mounted on a vertical shaft at fixed intervals. Earlier designs included sections of wire
mesh packings in the separation zones. The design resulted in efficiencies of 3-5
theoretical stages per metre. However there were poor efficiencies at column diameters of
over one metre between the inside and outside diameters of the agitators at low speeds.
The Oldshue-Ruston column made some advance upon this initial column design. The
packing zones were replaced with simple stator rings which controlled the residence time,
throughput and efficiency. However this configuration had higher degrees of backmixing.
A column based on a very similar principle is the Kunhi column extractor where the stator
discs are made of perforated plates. The column can be adjusted to give different
residence times by adjusting the free cross sectional area of the plates.
Probably the best known agitated extractor is the rotating disk contactor (RDC) . In this
system horizontal disks are used as the agitating elements mounted on a central shaft. This
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unit is preferred for high throughputs at low separating performance because it has a large
backmixing effect associated with it.

An advanced development of the RDC is the asymmetrical rotating disk contactor
(ARD). In this system the shaft is fitted with an agitator disk and is located
asymmetrically to the column axis. The ARD is probably the most expensive extractor
based on the column principle. Compared with the RDC it has the advantage that the rotor
shaft can be made with couplings and can therefore be extended in existing systems.
Another system to be classified as an extractor with agitator is the Graesser contactor.
This is a horizontal shell, fitted with a series of rotating disks on a central horizontal shaft.
C- shaped buckets between the disks shower the liquids, one in the other, as they flow
countercurrently and horizontally through the extractor.
Pulsating Columns
In columns having pulsation , the required energy can be introduced through pulsation
either of the entire liquid column or of the built -in trays. The pulsating column has the
advantage that the moving parts are located outside the column and are therefore more
assessable. These columns are designed as packed or sieve tray units. Extensions for phase
settling are built at the column head and sump. Pulsation is generally from the sump using
special-purpose pumps or compressed air. The packed pulsation column is quite a poor
mixing column with limited drop formation, but pulsation presents the formation of
streams occurring as in simple packed columns. As a result improved extraction is
achieved.

93

Chapter4 -Liquid-Liquid Extraction

In pulsed sieve tray extractors the entire
column cross section is occupied by the
trays so that both phases must pass through
the holes. This will continuously create
new interfaces , improving mass transfer.
The disadvantages of the PSE include
sensitivity to fouling and a relatively small
load range. Columns with pulsating
pneumatic equipment

internals include designs by Prochazk,

HP= Heavy Phase, LP = Light Phase

Ziehl and Karr.
4.2.7 EXTRACTOR SELECTION
Reissinger and Schrdter presented a criteria for extractor selection based on their own
experiences as shown in Fig. 4.6. Their guide will be used to determine the best extractor
for the application. All the feed volumes in the extraction processes are over 5,000 litres,
with the addition of solvents this quantity would increase. Therefore based on Fig. 4.6 the
large volume option was chosen. Based on past records there had been no experience
with poor separation. Although emulsions are formed, these generally did not pose a
problem to separation. The current system used easily meets the process specifications and
it was felt that excessive solvent was used. There is no limit placed on the number of
extraction stages and by increasing these, extraction efficiency should increase, therefore
the option of a large number of theoretical stages was chosen.
As it is not anticipated that the loading will vary considerably, because the process was
validated, two options are left, that of a pulsating sieve tray column or an agitated Kunhi
column.
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The Kunhi column extractor was chosen for a pilot plant trial because of the following
reasons:
• The pulsed sieve tray column is sensitive to fouling, this may prove a problem during
•

turnarounds.
The Kunhi column operated on the same mixing principle as the existing method i.e.
mixing is achieved through agitation.

•

Kunhi provided trial units that were available for hire and the process could be tested
on site.
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Although liquid-liquid extraction has a strong theoretical base, its application to a given
ijndustrial situation is far from straightforward [Karr, 1991]. There are three possible
approaches:
•

Purely theoretical - This involves predicting the capacity and efficiency of different
kinds of extractors directly from first principles. The physical properties of the fluids
involved are also used. However there is a large risk associated with this option as no
pilot plant studies are made.

•

Purely empirical - The design process relies solely on results obtained from pilot
plant studies, and the empirical relationships developed are used for scaling up to the
production equipment.

•

Combined theoretical and empirical. - This is the recommended approach. Bench
scale tests establish the equilibrium data and examine mixing-and settling
characteristics. Pilot plant equipment is then set up to test the system over a range of
conditions to optimise the design. Finally from this optimised pilot plant condition the
equipment is scaled up to commercial size with the aid of proven scale-up
correlations.

The third option was chosen and the column was tested on a pilot plant scale. Details of
the trial and the outcome can be found in section 4.4.

4.3 CURRENT METHOD OF OPERATION
Three processes in IE8 use the principle of mixing and settling the phases. A brief outline
of these is now given and they are discussed in more detail in the individual case studies.

Process A2
Extraction Stages
No. of Tanks Used
Solvent Used
Solute
Extraction Time (hrs)
Distillation Time(hrs)
Solvent recovery?

3
3
Toluene
Product following
reaction
10
13
No

Process A3
4
3
Toluene
Product following a
reaction
15
17
No

Process B1
4
2
DIW/NaCl
Raw material for the
reaction.
3
32
No

Table 4.1 Processes using LLE
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In each of the processes the extraction method is the same:- feed is introduced , the
soh ent is then added and the contents are mixed. The liquids are allowed to settle into
two phases. Then they are separated by being successively drawn off through the bottom
vah e. This separation is aided by sight-glasses. As the conductivity of the aqueous layer
differs significantly from the conductivity of the organic layer, conductivity meters may
also be employed to determine the separation. A single stage is illustrated in Fig. 4.7. If
more than one stage is required, the feed is either left in the vessel or returned from a

T'his single stage method is often used when small quantities of fluids are involved or the
process is run only intermittently as the principle of operation is extremely simple and
coes not require complicated specialised equipment.
Advantages
•

•

The equipment used is not a dedicated unit i.e. not specific to extractions alone. This
means that when a process is running that does not use LLE as a separation method ,
the equipment is not redundant. This allows the equipment rig to be flexible.
The current system easily meets the process specification for each product.

Disadvantages

•

The extraction and distillation steps are the process bottleneck. Cycle time
improvements can only be made by improving upon these steps.

•

The extractions use large quantities of solvent. This is a purchased raw material, and
therefore this increases the operating cost.
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•

Once the solvent has extracted the product, it is then distilled off. In each case the
solvent is not recovered nor recycled but directed to waste treatment.

•

The equipment used ,while allowing flexibility as discussed above, is not specifically
designed for liquid-liquid extractions

4.4 CASE STUDY I
Product A3 is the third processing step of four used to produce an anti-depressant. The
extraction and distillation stages dictate the overall cycle time. Its registration document
states "that following the reaction stage the product is extracted using either toluene or
ethyl acetate". Since the quantity of solvent or the number of extraction stages is not
specified, a number of options may be investigated to improve upon the existing set-up.
However as only two solvents were named, the study is limited to these. Previous studies,
carried out by the company, had show that the use of toluene was more suitable, so this
study will be confined to improving upon the equipment or the method used in the
extractions. Two options were looked at in detail. These were 1) replacing the existing
system with a continuous countercurrent extractor or 2) improving upon the current
system. These options were investigated concurrently during the campaign of the product.
The economic benefits of both were outlined and based on this and other considerations,
discussed later ,recommendations were made for the implementation of one of the
selected options during the next campaign.
4.4.1 CURRENT SYSTEM
After the reaction stage, the product is in an aqueous phase. The product cannot be
directly separated from the aqueous phase through distillation, because of close boiling
points. It is therefore extracted into a solvent which is then distilled. Separation is easier
now because there is a better boiling point distinction. The product is more soluble in
toluene than in the aquoues phase.
rwash= 1500 kg= 1734 L
2"‘‘wash= 1500 kg= 1734 L
3^‘^wash= 1140 kg = 1318 L
Table 4.2 - Toluene Washes- Product A3
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Three stages are used in total with each stage following the same arrangement. The
solvent is added in the quantities outlined in Table 4.2, the contents are mixed for 30
mins., settled for a further 30 mins, and the phases are then separated. The procedure is
further detailed in Fig 4.8. After the third extraction, the raffinate layer is sampled to
determine the concentration of the residual product. If it meets the required specification,
i.e. less than 1.5 mg/ml, then the layer is sent for waste treatment, otherwise a further
extraction step is carried out. In over the 150 batches studied, there has never been the
requirement of the fourth extraction, as the sample met the specification each time.

1 .Transfer T-19 contents fo T- i
2. Add Toluene to T-1 at 20 - 25 deg C.
Stir and allow to .settle
3. Transfer T-1 bottom aqueous layer to T-8,
4. Transfer T-1 top organic layer in T-19
5. Add Toluene to T-8 at 20 - 25 deg C.
Stir and allow to settle
b.Tran.sfer T-8 bottom aqueous layer to T-B
T.Transfer T-8 top organic layer to T-19
8. Add Toluene to T-1 at 20 - 25 deg C.
Stir and allow to settle
9. Transfer T-1 bottom aqueous layer to T-8.
10Tran.sfer T-1 top c^ganic layer in T-19
11. Rinse T-1 to T-19 with Toluene.
12. Send T-8 (secondary layer) to waste

Fig 4.8 Narrative and Diagrams of Current Extraction Procedure

4.4.2 REPLACE CURRENT SYSTEM
A Kunhi extractor, a continuous agitated countercurrent column was chosen as a suitable
replacement for the current system as outlined in section 4.2.7. Pilot plant trials were
arranged to run during the campaign of process A3. The objectives of the trial were to
optimise the Kunhi column for the specific product and to determine the likely economic
benefits that could be achieved from a plant scale model.
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4.4.3 PREPARATION FOR TRIAL
It was requested by Kunhi that some bench scale tests be performed prior to the trial with
the extraction column in order to establish the likely effect of some parameters on the
operation of the column. Kunhi stated that significant changes in the density of the
raffinate and extract stream from the feed and solvent streams respectively may lead to
operational difficulties. The tests were completed by a laboratory analyst.The density and
viscosity of the feed and solvent streams were measured using a densiometer. The
extraction was carried out as per the plant operation. The feed and solvent were mixed in
an agitated round bottom flask for 30 mins, and then settled for 30 mins. Separation was
achieved by means of a separating funnel. The density of the resulting organic (extract)
layer and aqueous (raffinate) layer were compared to the solvent density and feed density
respectively. No significant difference was measured. The procedure was carried out a
total of three times to ensure that the results were consistent.
4.4.4 TRIAL SET-UP
A HazOp was completed a month before the trial to review the equipment set-up and
operation and highlight any issues there might be with fire and safety hazards present. All
issues were addressed before the trial started.
•

The material to be tested was removed from a number of plant generated batches into
a 200 litre tank which was to act as the feed vessel. This tank had been modified to
include an air driven agitator, purge and venting system and a level control indicator.

•

The column was fed using a diaphragm dosing pump, purchased specifically for the
application. The pump allowed for manual adjustment of the flowrate and this was
measured using a rotameter.

•

The solvent was supplied from a header under pressure, passed through a pall filter to
trace any contaminants and the flowrate was controlled using valves and a rotameter.

•

The raffinate and extract streams were collected using receiver drums, and their
flowrates were determined by measuring the volume of liquid accumulated in a
graduated cylinder over a given time. Sample points on all inlet and outlet lines were
installed.
too
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•

The column is described in detail in the following section. A schematic of the set-up is
shown in Fig 4.9 .

4.4.5 EQUIPMENT DESCRIPTION- KUNHI COLUMN
Fig 4.10 shows the pilot plant Kunhi extraction column. The test unit used was a standard
E-60 type, so called because the internal diameter of the mixing compartments is 60 mm.
This column was jacketed to allow for heating/cooling if necessary. All mixing
compartments were made from glass, this allowed for easy visual access to observe the
mixing effects and determine the flooding point. Each section of the column was equipped
with two sample point cocks allowing the change in concentration throughout the column
to be monitored. All rotating components were made from Hastelloy. The column was
supported in its own key clamp-type framework.
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The main components were as follows:
•

A number of agitated compartments arranged on top of each other with phase
separation zones at both ends of the column. The phases flow continuously through the
column counter-currently and therefore without any phase separation between each
compartment. The difference in specific gravity' between the phases is the driving
force for motion.

•

The turbine mixer is responsible for the necessary radial mixing and the phase
dispersion. The turbine design generates uniform droplet size and allows a good
prediction of the hydrodynamic column behaviour as a function of geometry, rotor
speed and physical properties of the process liquids. The turbines on the E60 are open,
whilst those on larger units are shrouded. This was taken into account when scale-up
calculations were made. The turbine speed could be adjusted from 80-800 rpm and
this was controlled by a hand wheel.

•

The column was supplied with sets of partition plates. These are annular on the E60
model whilst those for larger diameter columns tend to be perforated. Partition plates
were used to separate the compartments from each other, and thus minimise axial
mixing and hold back the dispersed phase for optimum hold-up. Depending on the free
cross-sectional area of the partition plates, high stage efficiency (with low specific
throughput) or high specific throughput (with lower stage efficiency) may be obtained.
30 % open area plates were fitted on dispatch. This was standard practice unless it was
desired to hold up the movement of one of the phases. This was the starting parameter
for the trial.

•

An inverted Y-tube adjusted the level of the lower aqueous phase in the upper settler
and controlled the flow of the raffinate layer from the column. This was located at the
top of the column.
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Fig. 4.10 - Pilot Kunhi Column

The varying stage geometry had a most practical significance. As flow rates and
compositions change along the column as a result of mass transfer, the possibility of
adapting the stage design to varied conditions, allows the optimum operating conditions in
all column sections to be found, with respect to droplet size, hold-up of the dispersed
phase and flooding limit.
The table below outlines the effect the turbine and partition plates have on the design
parameters of the column.
Element

Design Parameter

Influence

Turbine

diameter
height
free area

droplet size
radial flow rate
specific throughput
hold-up of dispersed phase
axial mixing
residence time

Partition plate

height of compartment

Table 4.3 - Elements of Kunhi column and their effects.
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4.4.6 OPERATION OF PILOT SIZED Kl NHI COLUMN
4.4.6.1 Preparation Steps

Once the column was assembled and before it became operational, a solvent run or
commissioning step was performed, to ensure that the equipment was operating correctly.
Flushing the column with a number of solvents also ensured that any trace contaminants
v^ere removed. After this solvent run, it was necessary to ensure the following:
1. The agitator was calibrated with the dispersed aqueous phase using a strobe.
2. The feed pump was calibrated for the dispersed aqueous phase. This was achieved by
using a graduated cylinder and timer arrangement.
3. All rotameters on the solvent and feed lines were calibrated, using a graduated
cylinder and timer.
At the start of each run the following steps were carried out.
1. The feed pot was connected to a nitrogen supply and vented using the extract system
in the room.
2. The feed was mixed in the feed pot for approximately one hour. This was then
sampled and visually checked to ensure that the contents were well mixed. If the feed
was uniform in colour and did not have any visual layers present then the run was
started.
4.4.6.2 Standard Column Operation

The aqueous phase containing the material to be extracted was fed into the upper settling
chamber of the column until it reached the bottom flange of the upper settler. Once the
column was full of the dispersed phase (feed), the agitator of the column, which was set at
the lowest speed, was started. The continuous phase (solvent) was then introduced at the
bottom of the column. The interface between the aqueous and organic phases occured in
the upper settler. This was regulated using the interface pot which controlled the take-off
of the raffinate phase, thereby controlling the level at which the interface occured. This
was held in place near the top of the column using a clamp

104

Chapter4 -Liquid-Liquid Extraction

The position of this pot determined the
location of the interface. The head pressure
of the liquid in the column pushed the
raffinate phase up through a tube from the
bottom of the column. By moving the
Raffinate
Layer I'ake-f )ff

position of the pot up, the flowrate of the
raffinate decreased because it had to

Fig 4.11 Snapshot of Interface Pot

overcome extra liquid head and the
position of the interface was higher.

The opposite also held, by moving the pot down, the raffinate flow increased and the
interface occurred lower down in the upper settling chamber. The behaviour of the
droplets should be observed at this point (ideally they should have a diameter of 0.5- 1.0
mm, upon visual examination). With all parameters constant, steady state was achieved in
general between 1-1.5 hrs, indicated by a stable interface level. Once the column was
stabilised then the two outlet streams were checked for signs of entrainment. If no signs
were present, samples were taken and submitted for analysis.
The rotor speed was increased incrementally, keeping the flow rate constant, until
flooding occurred. The definitive indication of flooding was the appearance of a second
interface in the column, usually in the disengaging section, at the end of the column
opposite to that where the interface is being controlled i.e. bottom of the column. For each
agitator change it was necessary to wait until steady state was achieved to ensure that
flooding had not occurred at this set of parameters. Keeping the phase ratio of the
dispersed to continuous phases constant, the flowrates of both the feed and the solvent
were increased and the flooding point determined. This was repeated for different
flowrates and a number of phase ratios.
Samples and measurements of extractor parameters were taken only after steady state had
been reached on a run.
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4.4.7.2 Hydrodynamic Considerations
Visual examination was a good guide to optimising the extraction. If droplets were well
dispersed and around 0.5-1 mm in size upon visual examination, then the extraction
efficiency was good leading to low product loss in the raffinate stream. If the agitation
speed was low then the droplet size was large and vice versa.
Any tendency to emulsify has a negative effect on the separation [Kunhi,1996].
Emulsification may be reduced by raising the temperature or the pH or by reducing the
agitator speed but generally entails the selection of a different solvent. During the trials
there were no major problems with emulsion formation but several observations were
made.
•

The emulsion formed at the interface in the upper settler of the column.

•

The emulsion layer was generally under 1 cm in height

•

The amount of emulsion formed increased at higher solvent ratios or when the speed
of rotation was increased.

•

It had no significant effect on the performance or operation of the column, as its
presence did not influence the extraction efficiency.

Initially during a run and/or at low agitation speeds, globules of a different darker colour
were noticed in the raffinate streams. When sampled the raffinate stream was found to
have relatively high concentrations of unextracted product left, due to a low extraction
efficiency. This became a guide in determining the optimum conditions, as higher
agitation speeds produced raffinate streams uniform in colour and low in product
concentration.
As a general rule it took 1-1.5 hours to reach steady state. The first essential of achieving
steady state, was to ensure that all parameters were kept constant. A good indication of
steady state was that the interface level was stable.
Column flooding occurred when a second interface built up in the column, growing in the
direction of the outlet for the continuous phase, in this case the bottom of the column.
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Flooding caused the separation to drop drastically as it became impossible for one or both
phases to pass through the column. If left uncorrected, a portion of the dispersed phase
mixed with the continuous phase would flow out of the wrong end of the column.
Flooding sets an upper limit on column capacity. For practical purposes it is not possible
to run close to this critical value in the event of any parameter changing. Usually the
agitator speed is set at 80-90 % of the flooding value. The flooding curve was determined
for three phase ratios as shown below.

The flooding points decreased for increasing phase ratio for the same feed rate. This is
because the total column flowrate at higher phase ratios is greater so agitator speeds are
lower. This will be explained in section 4.4.7.4.
4.4.7.3 Solvent -to-feed ratio
The solvent-to feed ratio used in the plant was 0.85. In order that the results would be
directly comparable, the column should be started at this phase ratio and then optimised if
possible. However at this ratio the interface level occurred mid-way down the column and
the level could not be controlled properly. It was desirable that the volume ratio of
organic to aqueous phase is 1; 1 in the upper settler for the column to operate efficiently.
The plant ratio was therefore too high for the column and had to be reduced. Through trial
and error it was determined that phase ratios of between 0.3 and 0.5 should be used to
achieve good column operation. Solvent/feed ratios in this range allowed the interface to
occur in the upper settler and removal of the aqueous layer to be controlled. But would
this amount of solvent be sufficient to achieve the desired separation?
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The flooding cuwes for this range were determined as discussed in section 4.4.6.2. The
results shown in table 4.4 are taken at the optimal agitator speed for the total flow. The
feed flows were kept constant and the solvent flows were adjusted to give the desired
phase ratio. The graph shows that at increased solvent ratios the residual content in the
raffinate layer is less for the same feed flow at the optimum agitator speed. The trade-off
between the loss in yield and solvent use is discussed under optimised conditions. For all
three phase ratios there is a sharp increase m the concentration of unextracted product in
the raffinate stream as the feed flowrate increased from 10 1/hr to 13.4 1/hr.
Phase Ratio —>
Feed Flow
(1/hr)
5.5
7.2
10
13.4
15.5

0.3
0.4
mg/ml A3 in
mg/ml A3
raflinate
in rafTinate
0.28
0.23
0.52
0.4
0.54
0.5
18
1.6
2.0
1.8
Table 4.4 - Results for different phase ratios

0.5
mg/ml A3
in raffinate
0.2
0.3
0.4
1.6
1.7

Phase ratio =0.3
Phase ratio = 0.4
Phase ratio = 0.5
A

Feed Rowrate (1/hr)

Fig. 4.14 Graph showing residual product in raffinate layer versus feedflow for different phase ratios

4.4.7.4 Agitator Speeds
The agitator speed had a significant effect on the degree of separation achieved at a given
flowrate. It is an important parameter in determining mass-transfer rate as it increases the
interfacial area by creating a more intimate dispersion of the two phases. As a general

108

Chapter Four -Liquid-Liquid Extraction

rule, the optimum agitator speed is just below the flooding point. For practical reasons, it
is not always possible to run so close to such a critical point in case conditions change.
Generally, higher feed rates require lower agitator speeds and lower rates permit a higher
degree of agitation.
Agitator Speed
Low
High

Droplet Size
Large
Small

Axial Droplet
Velocity
'
High
^
Low

Flow Rate
Total
High
Low

Fig. 4.15 General trends for agitation speeds

If the agitator speed was too low, there was a higher concentration of residual product in
the raffinate layer. At this point the agitator speed was increased until desired separation
was achieved. An example of the effect of agitator speed is shown below. Results are for a
phase ratio of 0.3 and a feed flow rate of 7.2 1/hr.

Fig. 4.16 Agitation speed

This shows that with increasing agitation the extraction efficiency significantly increases,
as illustrated by the decrease in product left unextracted in the raffinate stream.
4.4.7.5 Optimised Results from Pilot Plant Trial
The prime variables were phase ratio, phase flow rates, turbine speed and the percentage
open area of the partition plates.
Partition plates
30% open area plates were fitted on dispatch. This was normal practice. If the degree of
separation between the product and the aqueous layer was less than required, the tests
would have been repeated using smaller percentage open area plates. If the degree of
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separation was easily obtained, in order to prevent an oversized column the procedure
should have been repeated with larger percentage open area plates. Changing the plates
would have involved complete dismantling of the column.This was not desirable given the
time constraints on the trial and the cost involved .The extraction efficiency was within
the required process specification but still resulted in slighter higher quantities of
unextracted product in the raffinate stream. Residual product in the aqueous layer was
0.28 mg/ml using the column versus 0.05 mg/ml under the existing extraction regime. It
was therefore decided that the plates be left at the 30% open area value.
Throughput.
As shown in Fig. 4.14 , for all three phase ratios investigated there was a sharp decrease in
the extraction efficiency when the feed flow rate increased above 10 1/hr. At flowrates
over 13 1/hr the desired separation efficiency was not achieved. At lower flowrates the
efficiency increased at the cost of longer cycle times. The flowrate of 10 1/hr was
determined to be the optimal throughput.
Phase Ratio
As stated in section 4.4.7.3 there was greater yield loss at lower phase ratios, however less
solvent is used so there will be shorter distillation times. This is a trade-off situation that
uses economic considertions to determine the optimal result.
Phase Ratio
(Toluene/
feed)
0.3
0.4
0.5

mg/ml
Product in
rafTinate
0.54
0.5
0.4

Solvent Cost Distillation
Yield loss
Cost of
Amount of
Time (est.)
(kgs/plant
product loss solvent (Its) IRP/Batch
batch)
(plant scale)
(hrs)
1,689
439
8.5
2.7
278
257
2,252
585
11
2.5
206
2,815
731
14
2
Table 4.5 - Determination of Optimal Phase Ratio

This suggested that a phase ratio of 0.3 was the optimal choice. While there would be
increased yield loss this run had the least solvent costs and shortest distillation time which
would lead to cycle time benefits.
Agitation Speed
Having chosen a feed flowrate of 10 1/hr and a phase ratio of 0.3 as being the optimal
conditions, the optimum agitator speed must be determined. The flooding point had been
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measured at 224 rpm, but it was impractical to operate at this value, in case any of the
parameters changed suddenly. The agitator speed was therefore set at 85 % of the flooding
value at 190 rpm.
Confirmation of desired separation
The required process specification is that the concentration of residual product in the
raffinate layer is less than 1.5 mg/ml. The optimised run showed that the separation was
0.54 mg/ml. This was well within the required specification. Previously the raffinate
stream was recycled back into the feed tank as it was above the required specification.
Sampling revealed that there was no longer any need to recycle the stream after
approximately 30 mins.
4.4.7.6 Comparison- Kunhi column versus existing system
The similarities and differences between the current extraction method and the method
employed by the column are now outlined.
•

In both cases the same solvent, toluene, is used. This means that selectivity, miscibility
with the feed, and density differences remain the same for the system. The principle of
operation remains essentially the same, the phases are contacted and the mass transfer
between them is achieved by means of agitation and density differences.

•

The plant uses a batch extraction consisting of three extraction stages. Equilibrium or
an approach to equilibrium is achieved in each of these stages. Differential extractors ,
like the Kunhi column, provide continuous contact and mass transfer along the full
length of the device. Equilibrium is not established at any point along the column, and
the phases are separated only at the ends. The ratio of solvent to feed in the plant is
between 0.8 - 0.9. This would be reduced to 0.3 using the column. The advantage of
this is that less solvent is used and hence subsequent distillation time is also reduced.
The disadvantage is that the extraction efficiency decreases slightly with reduced
solvent and from pilot plant results it is likely that there will be more residual product
in the raffinate. This is a trade off situation between reduced cycle time and reduced
solvent quantities versus yield losses. This will be discussed in section 4.4.11. It is
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anticipated that reducing the amount of toluene used will have no effect other than the
possible increase of product remaining in the raffinate stream. If the phase ratio in the
column were higher than that presently used, there would have been the possibility of
increased solubility of impurities but this risk is eliminated with reduced phase ratio.
•

In the plant the phases are agitated for 30 minutes. It is during this stage that mass
transfer occurs. In the Kunhi column the degree of agitation is higher allowing the
phases to be more dispersed which allows for better mass transfer, thereby increasing
the extraction efficiency.
• The Kunhi column is specifically designed for liquid-liquid extraction, the tanks used
in the existing system are not. The effect of this difference is the promise of an
improved extraction system.

4.4.8 SCALE-UP OF RESULTS

The aim of the pilot plant trial was to provide the manufacturer with enough infomiation
so that the column could be scaled up to plant scale and a cost estimate provided for its
purchase. Kunhi was supplied with details of each run performed, and the scale-up was
based on the optimised run.
Agitation Speed; 190 rpm
-Aqueous feed stream; 10 1/hr
Organic solvent; 3.0 1/hr
Phase ratio ; 0.3 vol./vol.
Dispersed phase; organic (light) solvent phase which means that
___________ the interface would be located within upper settler

Table 4.6 Optimised Parameters

The desired extraction processing time was 14 hrs. This was the time currently achieved.
Any cycle time improvement would be gained through a shortened distillation time
because of reduced solvent use. As discussed in section 4.4.11 any further processing time
reduction for these operations would be redundant as the bottleneck would be transferred
to another unit. The capital cost of the column would also be less for a cycle time of 14
hrs. A larger column, while resulting in a shorter extraction time, would have increased
capital outlay.
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Since it took approximately an hour to fill the column and recycle the raffinate stream
until the desired degree of separation was achieved , the actual "processing" time would
be 13 hrs. Given the volume of feed this means that the aqueous feed stream would have a
flowrate of 435 1/hr. the corresponding solvent flow at a phase ratio of 0.3 would be 130.5
1/hr giving a total throughput of 565.5 1/hr.
Kunhi took the results and the processing time specification and decided upon the
following plant scale model. Any scale-up calculations were performed by the
manufacturer and not the student.
Inside column diameter ; 300 mm
Diameter of settler: 600 mm
No. of column sections: 2
Column Height: 7'945 mm
Free open area of partition plates : to be defined by Kunhi
Diameter of shrouded extraction turbines : to be defined by Kunhi
They quoted that a stainless steel AISI 316L column with the above dimensions would
cost 151,000 CHF or IRP £52,000.
4.4.9 CONCLUSION- PILOT PLANT TRIALS

The column option is an improvement on the current extraction method. The solvent
usage would be reduced to 1,651 kg/batch, a saving of 2,849 kg/batch representing a 63%
reduction. This would also lead to a reduction in waste disposal costs. The current
extraction time would be maintained, and cycle time benefits would be from a reduced
distillation time from the use of less solvent. There would however be a slight decrease in
yield as the concentration of product left in the raffinate layer is higher. Several
improvement recommendations can be made to the current extraction set-up. These have
been learnt from operating the column, and include changes to the method of solvent
addition and the degree of dispersion. These will be further outlined m section 4.4.12
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4.4.10 IMPROVING THE CURRENT METHOD OF EXTRACTION
The only specification used for the extractions is that the residual product content of the
raffinate stream should be no greater than 1.5 mg/ml. This had been determined as an
acceptable yield loss. The raffinate layer is sampled once the third extraction is complete.
During the past two campaigns of over 70 lots of product, the concentration in the
raffinate averaged at 0.07 mg/ml with a maximum of 0.8 mg/ml. So at first glance the
extraction stage is very efficient because it easily meets the required specification.
However at what price was this efficiency obtained? This section evaluates the current
procedure and determines whether any improvements can be made. This study was carried
out in conjunction with the pilot plant trials using the Kunhi column.
4.4.10.1 Development
The economic cost of the existing system required evaluation, to allow the benefit of low
yield loss to be weighed against the cost of the solvent and rig time. The first step was to
determine the amount of product that is extracted each time that toluene is added. A study
plan was drawn up as shown below. The study was to involve three successive lots.
•

The extraction parameters were monitored to ensure that all variables in the
extraction procedure were investigated to allow the results obtained to be directly
compared. Parameters were tracked using the process control computer system and
the operators were asked to record any observations noticed while carrying out the
extractions, such as excessive formation of emulsions, differences in colour etc.

•

The aqueous and organic layers after each extraction stage were sampled to determine
the concentration profile. Control samples of known concentration were submitted to
determine the accuracy of the results.

4.4.10.2 Results and Discussion
Several parameters were monitored during the extraction stages. These parameters
included toluene addition, agitation rate and mixing/settling times. Table 4.7 tabulates
some of these.
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Lot
Number

Stage

124PD7

I
II
III

Toluene
added
(kgs)
1492
1484
1151

125PD7

I
II
III

1493
1494
1141

126PD7

I
II
III

1491
1493
1138

Agitator
Speed
(rpm)
70.4
70.1
70.0
70.3
70.1
70.0

Mixing
Time
(mins)
30
23
23
30
23
23

Settling
Time
(mins)
70
44
53
69
52
32

30
73
70.5
23
55
69.2
35
70.1
23
Table 4. 7- Results of Extraction Monitoring

Temp,
(deg C)

Pressure
(psi)

23
24
23

0.38
0.53
0.80

23
25
23

0.35
0.35
0.93

23
23
21

0.30
0.50
0.58

For these lots, no abnormal observations or problems were recorded, and all parameters
were within their normal range as specified by the process ticket. This effectively meant
that analytical results obtained from samples could be deemed valid results.

It may be helpful at this point to identify the stages in the process at which sampling was
carried out. Once all the reactions have taken place an initial amount of toluene is added.
The phases are then left to separate out. The aqueous and extract layers were then
sampled from the appropriate tanks. Table 4.8 show the results of sampling the aqueous
layers.
Toluene
Added (L)
1491
1493
1138

Toluene
Added (L)
1492
1484
1151

Toluene
Added(L)
1493
1494
1141
*=

Sample
AQl
AQ2
AQ3

Sample
AQl
AQ2
AQ3

BATCH: 124PD7
Content Product A3 Volume
(mg/ml)
(L)*
0.48
4643
0.15
4646
4759
0.02

Product A3
(kgs)
2.23
0.70
0.10

BATCH: 125PD7
Content Product A3
(mg/ml)
0.92
0.23
0.03

Product A3
(kgs)
4.37
1.11
0.14

Volume
(L)*
4755
4840
4809

BATCH: 126PD7
Content Product A3 Volume Product A3
Sample
(L)*
(mg/ml)
(kgs)
2.97
AQl
0.59
5036
2.47
AQ2
0.54
4566
1.09
AQ3
0.23
4752
Table 4.8- Results of Extraction Sampling

volume of aqueous layer cut away
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The quantity of product in the aqueous layer before the extraction was estimated from
mass balances to be 120 mg/ml or approximately 600 kgs. The first stage in the process
removes 99.5 % of the product and leaves on average less than 3 kgs to be extracted. The
second extraction stage removes a further 1.76 kg, while the last an extra 0.98 kg. The
remainder of the product in the aqueous layer is dumped to waste and averages at about
0.26 kg/batch. The concentration profile is shown schematically in Fig 4.17.
The above results show that the first extraction stage removes the bulk of the product. Yet
a further 2,640 kg of toluene is used to extract the remainder of product (3 kgs). This
seems excessive.
The price of this efficiency is measured in
increased solvent usage , waste disposal
costs and distillation times. A more
detailed evaluation of the entire procedure
is outlined in section 4.4.11 and it can be
shown that by eliminating the third step.
Fig 4.17 - Concentration Profile

savings in the region of IRP £50,000 can
be realised per annum.
4.4.10,3 Further Work

Before a plant trial could be undertaken, it was necessary to evaluate the likely impact this
change would have on product quality. Chemistry and product quality experts for this
product were contacted in the Lilly headquarters, for advice. Most pointed to the possible
effect the water quantity plays in the role of the subsequent distillation step. While
product quality was unlikely to be affected, it was suggested that lab. trials should be
carried out before a plant trial be attempted. These trials would deal with the following;
•

The extract layers would be sampled from the plant, at the following steps;
(a) after 1st extraction (T-19)
(b) after 2nd extraction (T-19, combined lst/2nd extract)
(c) after 3rd extraction (T-19, combined lst/2nd /3rd extract).
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These layers were then to be processed through to the dried intermediate and final
product in the laboratory. Process quality indicators would be used to determine
whether there were any adverse effects caused by eliminating any of the extraction
steps. Comparisons could also be drawn between the lab and plant generated product.
•

Based on the success of the above lab. trial, a plant trial involving two lots would be
carried out, and carefully monitored and the product brought through the final step
process. If this was successful, the extraction part of the process could be revalidated,
to reflect the new extraction route.

However due to limited lab. resources and the fact that the lab trial would not be
completed in time to allow a plant trial for that particular campaign, it was decided to
postpone the trials until the next campaign of product A3 scheduled for August 1998.
4.4.11 EXTRACTION METHOD OPTIONS
This section compares the two options investigated that could replace the current
extraction method in the A3 process. Namely these are the installation of a Kunhi
continuous counter current extraction column or improving the existing system. The
benefits of each option are compared under a number of headings.
4.4.11.1 Solvent Handling
The current toluene usage is outlined in Table 4.9.
r wash = 1500 kg= 1734 L
2"*^ wash= 1500 kg=1734 L
3^** wash = 1140 kg= 1318 L

Table 4.9 - Toluene Washes

Optimising the amount of toluene would reduce the cost of a bought-in solvent. There
would also be a significant environmental benefit, given that the toluene in the process is
not recovered, less primary waste (requiring disposal), would be produced from the
distillation step. In the case of option 1, 3,000 kgs of toluene would be used to extract the
product, while the column would use 1,651 kgs, based on extraction trial results which
used a phase ratio of 0.3 solvent to feed.
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Therefore the column would use 1, 349 kgs less toluene than option 1. Purchasing and
waste disposal savings are outlined in the Tables 4.10 and 4.11. Waste disposal savings
are calculated on the basis that any reduction in the amount of solvent used would
correspond to the same saving in primary waste produced per batch. Figures quoted per
annum are based on an average yearly campaign.
1
Option
Toluene saving^atch
1,140
Toluene saving/annum
41,040
0.26
Cost of Toluene IRP/1
10,670
Saving (IRP)
Table 4.10-Solvent Savings

2
2,488
89,575
0.26
23,289

Option
1
Waste reduction/annum
41,040
Incineration costs /I
0.05
Saving (IRP)
2,052
Table 4.11 - Waste Disposal Savings

2
89,575
0.05
4,479

4.4.11.2 Cycle time
The extraction and distillation steps are the process bottleneck under the cunent operating
plan. The operation of T-lin particular is critical, as it is involved in both the extractions
and distillation. It is involved for approx. 15 hrs in the extractive stage, and the distillation
takes 17 hrs. This would give a cycle time operating plan of approximately 32 hrs. as
shown in table 4.12. A Gantt chart using current unit operational times is illustrated in Fig
4.18.
Best ever cycle time (7 lots ) = 36 hrs
Cycle time Operating Plan = 32 hrs
_____ Long term stretch goal - 28 hrs
Table 4.12- Cycle times for A3 process

Extraction time:
Option 1 ; This would reduce the overall extraction time of 17 hrs by 4 hrs, as the third
stage of solvent addition, mixing and settling is removed.
Option 2: The column was designed to achieve an extraction time of 14 hrs. Any further
time reduction would increase the capital cost of the column (see section 4.4.8). This
would give a total (solvent and feed) flowrate through the column of 564 1/hr.
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Distillation Time:
The current distillation time averages at 17.3 h and approximately 3440 kg of toluene is
distilled per batch. Crudely this would translate to a distillation rate of 200 kg toluene per
hour ,assuming this rate is constant. Distillation time savings will be based on this. Any
reduction in the amount of toluene added for the extraction leads to a reduction in the
distillation time.
Option 1 ; Reduction of 1,140 kg of toluene per batch. This lead to a reduction of
approximately 6 hrs per batch.
Option 2: Reduction of 2,488 kg of toluene per batch. This gives 12 hr reduction
Processing Time Reduction
The processing time would be reduced by 10 hrs/batch if option 1 was implemented ,
while option 2 reduces this time by 15 hrs/batch. A reduction in processing time may not
lead to a cycle time reduction unless the unit in question is the bottleneck. In order to
determine whether there would be a corresponding reduction in cycle time it was
necessary to look at other unit operations in the process .
Cycle time reduction
Gantt charts for both options are shown in Figs. 4.19 and 4.20. Looking at these charts the
cycle time for each option is the same, because the bottleneck has been transferred to the
HCl addition step. Although the column option would reduce processing time, there would
be no further benefits to the cycle time under the current operating scheme. Both options
would have an operating plan of 27 hrs. Savings are based on the reduction to the current
operating plan of 32 hrs giving a saving of 5 hrs of cycle time per batch. Savings from
both options are in the order of 8 rig days per annum which translates into IRP £28,000
per year.
4.4.11.3 Rig Space
The current system in place uses three tanks, option one would be no different. Certainly
for the first campaign ,if the column were used, then three tanks would be in operation
until the process was validated. If, based on sampling, the raffinate layer could be sent
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directly to waste from the column, then one of these tanks could be eliminated. This may
have additional cycle time benefits as this tank would now become free to perform other
operations. These have not been determined.
However the location of the column, should it be purchased, would also pose a problem.
Available space in the building for its location is extremely limited. It is likely that
additional space would need to be created, through a built-on annex to house the column,
thereby increasing the cost of the project through high civil costs. This fact is reflected
through an installation factor of 1.5.
4.4.11.4 Yield Effects
Sampling of the current process shows that there is 0.11 mg/ml of residual product left the
raffinate layer that is dumped to waste. Given that approximately 5,000 1 of the aqueous
layer is dumped to waste, this represents roughly 0.5 kg of product.
Pilot plant tests using the column showed that the residual product left in this layer would
be of the order of 0.5 mg/ml which corresponds to 2.5 kg of product. This means that there
will be a yield loss of approximately 2 kg of product per batch. Over a year's campaign 72
kg of product will be lost at a cost of £7,400 per annum.
Eliminating the third extraction would yield a loss of about a kilo of product per batch or
IRP £3,708 per annum.
This yield loss will eventually mean that an extra lot will have to be produced in order to
meet customer demands. This should also be taken into account in the calculation
estimating the effect of the loss in yield, however in this case it is so low that it becomes
negligible.
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4.4.11.5 Quality Control and Regulatory Commitments
The amount of toluene used or the number of stages employed is not specified in the
product's registration document, so any changes made would have no regulatory effect.
The product quality would need to be assessed as outlined in section 4.4.10.4, before the
elimination of the third extraction step could be implemented.
4.4.11.6 Costs Involved
Option 1, eliminating the third extraction has no capital costs. The change can be
implemented under the site's change control system and a plant trial performed. Data can
be collected and analysed during the trial lots and a decision then made on the viability of
the project. This is an easily implementable project with minimal disruption to the process
and it is a low risk project because in the case of failure, the process can revert to the
original set-up. The only risk might be in risking the trial lots.
The cost of installing the column will be high. Kunhi, the column's suppliers, estimated a
capital cost in the region of IRP £50,000 for a stainless steel column for Lilly's
application. Applying an installation factor of 3, this brings the cost of purchasing and
installing the column to IRP £150,000. The reason for such a high installation factor is due
to the civil costs that are likely to be incurred because of limited real estate in the
building.
4.4.11.7 Summary
Table 4.13 summarises the benefits and costs of the two options.
Option
Description
Solvent usage (kg/batch)
Processing Time
Reduction
Cycle Time (Target)
Yield Effects
Savings
Solvent (IRP)
Primary Waste (IRP)
Cycle Time
Rig Time (days)
Total (IRP)
Cost Involved

1

2

Eliminate 3^*^ Ext. Step

Install Column

3,000
10

1,651
15

27

To be determined

27
loss of 2 kg/batch

10,670
2,052
27,900
8 days
40,622
None

22,932
4,410
27,900
8 days
55,242
150 K
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Pay back time
Risk

Immediate upon implementation
2-3years
Low, easy to go back to old set-up Need a process guarantee

Table 4. 13 - Comparison of Options

•

Both options have different processing times but the processing times but the same
cycle time because the bottleneck has been transferred to another unit operation. This
will now determine the cycle time so further improvements to the extraction and
distillation stages will not yield cycle time benefits.

•

A reduction in the quantity of solvent employed and the waste produced can be
achieved from both options . Installation of the column would further reduce solvent
consumption by 1,349 kg per batch

•

Results quoted in the preceding discussion are for the comparison of the Kunhi
extractor versus eliminating the third extraction stage. Further savings can be gained
through the elimination of the second extraction stage as well. However the first step
would be the elimination of the final stage only and then, if successful, implement
further changes.

•

Based on economic considerations, it would be more beneficial to optimise the current
set-up before purchasing the column.

4.4.12 GENERAL OBSERVATIONS
This section outlines some observations that can be made about the existing extraction
method that have not already been discussed.
4.4.12.1 Extraction Method
Extractions are dependent on transfer of solute from an aqueous stream across a
boundary to a solvent. The contact surface area between phases is an important factor
that affects the rate of this transfer. The current extraction method employed in the A3,
process does not make efficient use of this contact area.
Solvent Addition
Under the current operation the aqueous slurry containing the product to be extracted
is already in the tank, before the toluene is added through the top. Once this addition is
complete the agitator is activated. The problem with this set-up is that since toluene
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has a lower specific gravity than the feed it naturally settles at the top. By adding
toluene to the tank at the top as is the present standard operation, it will sit on top of
the aqueous layer until the tank is agitated. Therefore there is not any contact or mass
transfer occurring between the phases except across the interface until the tank is
agitated. The aim should be forcing contact of the phases as soon as possible, so that
the rate of mass transfer can be increased.
The following are some suggested methods of achieving this .simple methods of
achieving this.
•

Ensure that the agitator is activated during the toluene addition, so that mixing of
the phases occurs at the start of the solvent addition stage rather than when it is
complete.

•

Consider adding toluene to the tank first and introduce the feed at the top.
However there may be some static hazards occurring when toluene alone is
agitated in a tank.

Dispersion
The agitator type involved is not specifically designed for liquid-liquid dispersion. The
tank itself could be retrofitted with a new type agitator specifically designed for liquidliquid dispersion. The Kunhi column optimises the dispersion method through the
number of impellers, their shaft location and their angle.
4.4.12.2 Waste Disposal Problems
Fresh toluene solvent is used for each extraction stage. This toluene is then distilled off
when the extraction activities have been completed and is treated as a waste liquid
stream and burnt. Re-using this toluene distillate as the solvent for the extractions
should be considered. The distillate when sampled contains only traces of water.
Laboratory trials would determine whether the use of recovered solvent has an impact
on the product quality or whether the extraction efficiency would be altered. If these
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w ere unaffected, an economic evaluation would need to assess, the benefits versus the
likely capital costs. The benefits involved in re-use would be a reduction in the waste
disposal costs and purchase costs of the solvent, while capital cost involves prchase of
a vessel with the associated automation and installation costs.
4.4.14 CONCLUSION - CASE STUDY I
There is room for improvement in the A3 process by optimising the existing method used
to extract the product subsequent to the reaction stage. Doing so would
• reduce the quantity of toluene used with a corresponding reduction in the cost of this
bought -in raw material.
• reduce the costs involved in treating and/or recovering the used toluene.
• Reduce the extraction time and distilation time , the rate limiting steps in the process so
the product will be affected for a shorter time by the temperature at which the
distillation is carried out.

4.5 IMPLICATION FOR OTHER PROCESSES
In the IE8 production facility there is another process that uses a similar extraction
technique to the one previuosly discussed. This section deals with transferring the
knowledge gained from case study I to the other product.
4.5.1 CASE STUDY II
4.5.LI Introduction
The cycle time bottleneck for this process is the distillation step following the reaction
stage. However the direct cause of such a long distillation lies in the amount of
solvent, in this case deionised water, used to extract the material. By reducing this
quantity, the distillation time could be shortened. A schematic of the procedure is
shown in Fig.4.21. In this case the extraction step occurs prior to the reaction stage as
it is one of the raw materials that is extracted.
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The raw material is charged to T-A.
The compound to be extracted is m the
toluene phase at this stage. It is
Fig. 4.21 Schematic of Extraction

desirable that the raw material is in an
aqueous solution for the reaction to

proceed. Fresh deionised water is added at each stage. After each water addition the
contents are agitated and allowed to settle for 30 mins. The aqueous layer is heavier
than the organic layer and settles at the bottom, it contains the desired raw material,
this is sent to T-B after each stage is finished. The organic layer, now with a lower
solute concentration is kept in T-A. This layer is further extracted with three more
water additions. After this the contents of T-A, which should consist mainly of toluene
are sent to waste, and the contents of T-B are sent onto the next processing stage. The
entire procedure takes in the region of 2- 4 hours. The main disadvantage of this
system is its contribution to the high distillation times, averaging 32 hours, by reducing
the water used, distillation times should be cut.
4.5.1.2 Replace current extraction equipment
This process is run on the Technical Rig, while the process detailed in the first case
study is carried out on the Intermediate Rig. The same extraction column could not be
used so as to prevent cross contamination of these rigs. The specifications for post
campaign cleaning are different for both rigs. If it were possible to apply the same
specification for cleaning, there would be a further problem relating to the scheduling
of campaigns. The use of the same extraction column would mean that these two
processes are not run concurrently. This would be difficult to schedule as the product
B1 is the main product produced on the technical rig, running about 75 % of the year.
These problems would mean that a separate column would be needed for each of these
processes.i.e. new column installed in both equipment rigs.
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In the registration document, there is a specification on the number of stages that must
be used to extract the product. For this product this stated that the number of stages
must be between two and four stages. This effectively ruled out continuous contact
equipment unless a change could be made in the registration document, which is
reviewed annually.In order to change this document it is necessary to have significant
development work completed on a laboratory scale to prove that there are no quality
implication as a result of any change made to the drug manufacture. Further quality
testing is needed when the product is manufactured at plant scale using a different
regime. This delays the realease date of the product.
It was therefore decided to concentrate on improving the current system .
4.5.1.3 Assessment of Current Process Performance
As discussed in Case Study I, excess solvent was used to extract the material. To
assess the process performance, a similar plan as outlined in section 4.4.10 was
followed.
First a concentration profile of the solute concentration was obtained to see if
improvements could be made there. Samples of the aqueous layer were taken after
each extraction stage during the transfer from T-A to T-B and analysed for the raw
material expressed as mg/ml raw material B1 (RMBl).These were taken from several
successive lots and the average tabulated below in Table 4.14.
Extraction stage
0
I
11
III
IV

Concentration
Volume of extracted
(mg/ml)
layer (1)
0
494
930
134
23
210
219
17
15
5
Table 4.14 - Results of concentration analysis

kgs Extracted per
stage.
0
460,0
28.1
5.0
0.3

Eliminating the third and fourth extractions would result in a yield loss of 5.3 kgs and
reduce the solvent quantity by 400 litres. Based on current distillation practices this
would ensure that the distillation time would be reduced by 4 hours. The distillation
activity is the rate limiting step and reducing this would lead to a cycle time reduction

129

Chapter Four -Liquid-Liquid Extraction

of 4 hrs also. Evaluating the economics of the reduced yield versus reduced cycle time,
approximately IRP £400 would be saved per lot.
Eliminating the fourth extraction only would result in a yield loss of 0.3 kgs of product
per lot. However the benefits would be a solvent reduction of 100 kgs leading to an
hour cycle time reduction. The cot savings would be IRP £40/ batch.
By eliminating the first two extraction stages, economic benefits in the order of IRP
£400 per lot could be achieved. However the 5.3 kgs yield loss is approximately 1% of
the batch size. This means that in order to produce enough product per annum to
satisfy customer demand, 101 lots would have to be produced instead of the current
100 lots i.e. make an extra lot to replace the yield loss resulting from the change in the
previous 100 lots.
Laboratory trials were designed and tested by the process chemist and laboratory
analyst to simulate this change on a lab scale before a plant trial was carried out. This
enabled to the impact, if any, to be determined that the change would have on product
quality. [O Shea, 1997].
In summary these tests showed that the reaction stiochiometery was effected by the
reduction in the solvent (DIW), which in turn effected the amount and the quality of
the product. For the other process that uses liquid-liquid extraction, the extraction
stage occurs after the main chemical reaction and the product has formed. The
extraction stage is used as a separating process, removing the product from its main
mother liquor. However in this case, the extraction process is used to extract a raw
material into an aqueous base before the chemical reaction forming the product takes
place.
4.5.1.4 Conclusion
While the extraction stage was not the direct cause of the process bottleneck, it did
indirectly contribute to the rat limiting step which was the distillation activity. The aim of
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this case study was not a reduction in extraction time. This would have no economic
benefits.The objective was a reduction in the solvent quantity, leading to reduced
distillation times. This would then lead to economic benefits through a reduction in waste
disposal costs and cycle time.
Economic benefits may have been achieved through the elimination of the last two stages
of the extraction procedure. However laboratory show'ed that the elimination of the last
two extraction stages would have an impact on the product quality.
Therefore it was not possible to change the existing extraction proedure.

131

Optimisation Studies in a Batch Pharmaceutical Plant

Q

D

TER FIVE

Catalyst Filtration

r'"...... "

Chapter Five - Catalyst Filtrations

SUMMARY

Filter presses are seen as the work horses offiltration in the chemical and
pharmaceutical industries. Eli Lilly uses calmic presses for their filtrations.
However their periodic needfor manual disassembly to remove the filter cake
presents the engineer with a number of issues, such as operator exposure and
fugitive emission concerns. This chapter reviews the current filtration system,
listing its advantages and disadvantages and then uses these to select the most
suitable filter for the application. A number of commercially available filters
were investigated before the Fundabad^ filter from Dr. Muller was chosen ,
meeting both the outlined selection criteria and economic considerations. Trials
using a pilot plant unit were successfully completed and the results obtained
were used as a basis for justifying the installation of the Fundabac^. The
project was approvedfollowing further development work and the calmic filter
presses were replaced.

Although cycle time benefits were achieved using the Fundabac^ filter, the aim
of optimising the current set-up was to reach a level of containment and
protection which ensured a work environment that protects employees from
hazards to health and safety.
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5.1 INTRODUCTION
Among the process equipment present in the IE8 production building are a number of
8,000 litre tanks. These tanks are expected to be multi-functional with any tank acting
as a reactor in one process and a distillation vessel in the next. To maintain this type of
flexibility, which is desirable in a campaigned building, if a catalyst is required to
promote a reaction , this catalyst must be added in slurry form and then removed after
the reaction has occurred. This allows a tank to perform as a reactor without
incorporating a permanent design feature such as fixed catalyst beds or some other
permanent fixture that would be process specific. The disadvantage of this
arrangement is that the catalyst which has become suspended in the product solution
requires removal from the reactor exit stream which proceeds to the next processing
stage. This removal is achieved by means of a filtration step
Filtration is a widely used separation process in the pharmaceutical and other process
industries. It may be defined as the separation of solids from a liquid by passing the
suspension through a permeable medium which retains the particles. Calmic filter
presses are used in IE8 for this application. These have the advantages of low initial
cost, low maintenance and extreme flexibility. The limitations of this design, however,
are operator exposure, fugitive emission, manual operation for cake discharge and
limited washing and drying of the cake.
The objective of this part of project was to find a replacement for the calmic presses
that would offer the improvements listed below while maintaining the same processing
advantages currently achieved. These improvements were:
• increased containment
•

improved safety

• reduced manpower requirements
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5.2 CURRENT METHOD OF OPERATION
5.2.1 PROCESSES INVOLVED
There are four processes that use calmic presses to filter spent catalyst after the
reaction. These are tabulated in Table 5.1 .The size of each filter employed by Eli Lilly
2

has a filtration area of 1.57 m and a cake space of 32.9 litres. Both Hastelloy C and
stainless steel filters are used depending on the process. The filter papers used are
chosen specifically for the application. Usually more than one calmic press is used,
and these may be arranged in series or in parallel. Calmic presses in parallel allow
more suspension to be filtered at one time, so filtration is quicker. Calmic presses
placed in series act as polishers so the filtrate quality is higher than if one filter alone
is used.
Processing time (hrs)
Suspension Volume

Process A2

Process C2

Process C4

Process D1

3-4
2260

8
1300

4-5
2000

8
4500

5% Pd on C

Carbon catalyst

Darco G60

40

36

11

100%>2um

100% cum*
212-302um

100% cum
212-302um

5% Pt on C/
KCl
14kg of Pt C /
150 kg of KCl
100%>2um

(kgs)
Solid to be removed
.^.mt to be removed(kgs)
Particle Size

Table 5.1 - Processes that use Calmic Filters
*Cum = cumlative number

A flow sheet for Process A2 is shown in Fig 5.1. The suspension is filtered from T-A
to T-B using three calmic presses, two in parallel and one in series. Calmic presses are
connected to hard-piped exit lines from T-A and to each other via camlocked flexible
hosing allowing for greater flexibility in the set-up for different processes. A triple pall
filter is used as a final polishing filter to catch any solids that might still be present in
the filtrate before it enters T-B. The filters are gravity fed but a pump is used to
transport the filtrate to T-B.
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This is a once through process, the filtrate is not recirculated. Once T-A is empty,
wash solvent is added to the tank and it passes through the presses, washing the filter
cake formed. The cake is not dried because, due to the pyrophilic nature of the catalyst
used, this could present a fire hazard. A one litre sample is taken from T-B after
filtration and tested for ppm carbon. The pass /fail criteria is that the carbon content of
the filtrate must be less than 10 ppm. If the sample fails then the batch is re-filtered.
5.2.2 equipment DESCRIPTION

J\\Q filter body is merely an open container which can be fitted with a steam jacket as
an optional extra, the whole unit being mounted on legs. It is manufactured for a
maximum operating pressure of 4 bar. On the inner surfaces of the filter body there are
two lugs welded to receive the ends of the transverse beam when in position. The inlet
for the feed is located at the bottom of the filter . Around this is a flat welded
reinforced disc which is the seating for the filter element. The second opening situated
to one side of the base is the outlet and this is normally the same diameter as the inlet.
The surface of the base is designed with a slight fall to facilitate maximum drainage.
The filter lid is secured in its correct position by means of swing bolts which are
permanently attached to the outer surface of the filter shell.
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Traivsvcrsfi Beam
Top I-iftmg
Plate with eyes
i-iher Paper
Tg'rorated Plate
Dimpled Plate
Tic Rod
Core
^<•llta■ Shell

“Base Plate

Feed inic

Filtrate Outlet

Fig. 5.2 - Sectional Diagram of Calmic

1\\Q filter element consists of a base plate, with an 'O' ring fitted on the underside.
Around the outer edges of this plate , there are provisions for lugs to take the tie rods.
The inlet pipe is slightly extended through the centre of the base or end plate. A
perforated plate and a filter paper are placed over the base plate. A core keeps these in
place and allows the next series of plates to be built up. The remainder of the plates
are interchangeable and are built up as fo lows:- dimpled plate, perforatd plate, filter
iftins

cloth or paper and core. Finally a slight
Tie rod
Filter Paper

Perforated Plate

projection of a core is left visible and
the top plate fits over this. This is
secured down over the tie rods with

c:

©

bolts and washers. To hold the filtering

Core
Filter Paper

element firmly in its correct position in

Perforated Plate

the filter shell a transverse beam is

Tie Rod

supplied which fits between two lugs on
•O' Ring

Fig. 5.3 -Filter Element Assembly

the inner surface of the vessel. This has
a bolt passing through the centre which
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when tightened, seals the whole element.
5.2.3 PRINCIPLE OF OPERATION
The turbid liquid is fed at the bottom of the filter through the centre of the filter shell
and into the element, where it is dispersed via the cores, across the filter bed and paper
on each plate. The liquid passes through the filter media, the clean filtrate is then
evacuated through outlets in the dimpled plates, leaving the accumulating cake behind
on the filter paper.

Cake
’Din^ted Cover
Filter Plate
Peiforated Plate
Clean
Central Feed of
Contaminated product

Filtarte

Fig. 5.4-Schematic of Filter Operation

Thus any portion of the liquid only has a single pass through the filter media. As the
cake builds up , the exit flow drops off and the pressure differential increases.
Filtration is essentially a discontinuous process. At the end of the filtration cycle, the
stack of plates is lifted out of the tank and the cake is removed manually.
5.2.4 ADVANTAGES / DISADVANTAGES
The advantages of such a filter are ;
•

Flexibility - The filter can be used with woven wire, cloth or paper, utilising filter
aids, carbon or bleaching earths as necessary.

•

Maintenance - Only the "O" rings and filter cover seal need to be replaced

•

Product Safety: - There is cake stability due to the honzontal plates even during
intermittent operation.

•

Mechanical Safety - The main filtration pressure is confined to the element, with
any excess pressure in the shell being utilised to propel the filtrate.The sealed unit
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minimises toxic and fire hazards during actual filtration.
•

Filtration ability - The calmic presses allow the filtrate quality to meet the
required process specification every time. As the filter is dismantled after each
filtration to remove the cake, fresh filter papers are used allowing the same filtrate
quality to be maintained throughout the campaign. There are no problems with
exhausted filter media.

The limitations of this design can be broken into two main areas:
•
SafetyTndustrial Hygiene
•

Cost

The first three concerns highlighted below refer to the former while the last issue
details the cost of the filters per annum.

•

Containment /Personnel Fxposure
The existing system does not provide adequate containment and exposes the
operator to various solvents, residual products and carbon catalysts. Concern over
this lack of containment had been expressed by the IE8 safety committee, whose
members consist of four operators representing each shift and a process engineer.
They determined that "contained filtration should be a priority project for 1997".
Eli Lilly uses its own m-house method to rank the effects of the solvents, catalysts
and products used and produced in their processes, on operator health and safety.
Ranking is carried out according to the Lilly Exposure Guidelines (LEG), the units
of which are pg/m and results are based on a twelve hour weighted average. There
are three levels of" safe" exposure as outlined in Table 5.2. All catalysts involved
are ranked as level I compounds. While most of the residual products on the filter
cake are classed as level II compounds, one is ranked as a level III eompound. It is
important therefore that operator exposure to this compound is kept to a minimum.
At the moment an operator is exposed to filter cake up to 4 hours when it is being
removed from the filter plates.
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Level 1 > 100 |ig/m^
Level II < 100 |ig/m^ > 1 |ig/m^
Level III < 1 |ig/m^__________________
Table 5.2 Lilly's exposure guidelines LEG

Containment/Fire Hazard
The lack of containment also means that in removing the catalyst during the
changing operation, quantities fall to the production floor and get "hung up" in the
drain system. Since the main catalyst filtered (5% palladium on carbon) is a
pyrophilic compound, a significant fire hazard is produced that is potentially
dangerous.
Manual Lifting
The cleaning and dressing of a calmic is a manual operation. As each filter has a
total of 10 plates, operators will lift approximately 60 plates while dressing each
calmic taking into account that each plate is lifted twice,(disassembly and
reassembly) and the number of calmics in use per process. Often this lifting is
done on a wet floor, so there is an additional hazard present. The Health and
Safety Authority states that" Employers must organise work so that manual
handling of loads is avoided wherever possible"

Recommendations regarding containment and manual lifting concerns would be in
line with the Fundamental Objective to "....achieve a level of containment and
protection which ensures a work environment that protects employees from hazards to
health and safety"
•

Cost Implications.
There is a high manpower requirement between filtrations:- stripping, cleaning
and dressing each calmic. It takes two operators an hour to dress each calmic. It is
necessary to bring an operator in on overtime during the campaign of process A2
and for certain days of the other campaigns to ensure that calmics are changed.
The cost is estimated to be IRP £15,900 per annum.
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5.3 FILTRATION

Filtration is a widely used separating operation in the chemical and process industries.
The purpose of this section is not to re-explore in any great detail the time proven
theories of filtration but to briefly look at the range of industrially available filters.

5.3.1 BACKGROUNDINFORMATION

Suspension

^ledium

Driving Force
P

A

Filter

HanhNare

t
Filtrate Flow

Fig. 5.5 - Outline of Filtration Process

In filtration processes, the solids are separated from the liquid by passing (filtering)
the slurry through some form of porous filter medium. This may be represented
schematically as shown in Fig 5.5. Filtration processes can be separated into three
broad cateorgies; cake filtration, depth filtration and surface filtration.
Cake Filtration occurs when a liquid containing solid particles is forced through a
porous medium. This must be open enough to allow the passage of the liquid, yet
tight enough to retain the solid particles. The filter cake increases in thickness as
more and more liquid is forced through the medium. The main characteristic of cake
filtration is that as filtration progresses the cake formed must be porous enough to
permit continued fluid flow through it.
In depth filtration , the liquid containing solid particles is forced through a bed of
porous material. Sand and cartridge filtration are examples of this. The solid particles
are trapped within the interstices of the bed, allowing relatively clear liquid to pass
through. Solids continue to accumulate within the bed, until a certain point when
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either the fluid flow is restricted below acceptable limits or solid particles are forced
through the bed into the filtrate. At this time the bed must be regenerated or the
cartridge removed.
Surface filtration is essentially a straining mechanism where the solid particles are
retained by a matrix of controlled pore size. It differs from cake filtration in that the
flowrate decreases because of plugging of these pores. This happens before any
significant cake thickness is attained.
This study has been confined to cake filtration.
In order to obtain fluid flow through the filter medium , a pressure drop is applied
across the medium. It is immaterial how this is achieved but there are four basic types
• Gravity
•

Pressure

•

Centrifugal

•

Vacuum

Each type of filter will now be discussed briefly in the next few sections.
5.3.2 GRAVITY FILTERS
The simplest form of unit is a settling tank through which the liquid flows sufficiently
slowly to allow the solids to deposit in the bottom. The accumulation of solids is then
removed occasionally either manually or mechanically. The apparent cheapness is
offset by the large size required relative to throughput to allow the velocity to be low
enough for particles to settle. Gravity strainers also find limited use, but the method is
only applicable to small scale operations. Industrially, gravity straining is generally
restricted to the removal of large tramp material.

5.3.3 PRESSURE FILTERS
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The driving force here is usually the fluid pressure generated by pumping or in some
units by applied gas pressure. A large variety of filters have emerged which fall into
this category and these can be subdivided into three groups. Filters in any category
can be arranged for cake washing.
• Filter Press
• Pressure vessels
• Variable volume filters
5.3.3.1 Filter press
This is probably the most widely used batch type unit as it can be applied to a
remarkably wide variety' of duties. There are a great number of designs, each for a
specific purpose, although the basic unit is simple and is constructed from a sequence
of perforated plates mounted on a suitable supporting frame and held together by
pressing as the name suggest. Because of its versatility the press has undergone
continuous development to take advantages of modem automation and mechanisation
techniques. However the operation of many units remains batchwise, having to be
disassembled for cake discharge. The time taken in cake discharge and filter refitting
has considerable effects on the overall economics of the process.
5.3.3.2 Pressure Vessel
Multiple pressure filters are available commercially. A pressure vessel is almost
always cylindrical, but may be arranged with its axis either vertical or horizontal, the
filter elements inside such a vessel may be either flat leaves or tubes and may be
assembled with their surface either horizontal or vertical. These basic factors thus
give considerable scope for variation, while many other differences can arise from the
detailed methods of constmction. This type of construction lends itself to jacketing,
so that the filter may be operated at either elevated or reduced temperature. Vertical
cylindrical vessels are generally limited to filtration area of less than 60 m^ whereas
2

horizontal units offer areas up to 280 m . Pressure vessels are discussed in more detail
in section 5.4.3 .
5.3.3.3 Variable Volume Filters
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These were developed to meet the needs of industries handling materials which are
frequently difficult to pump even though they may contain large amounts of liquid.
These fluids when filtered in a conventional manner can offer abnormally high
resistances to fluid flow. A fixed volume press may be oversized for a majority of
products and dummy plates are used to blank off sections of the press to give a
reduced area which can handle smaller volumes of cake. Variable chamber presses
can overcome such problems and also render drier and more easily handled cakes.
This type can be divided into three principal groups.
(1) Variable chamber filter press. The main type here is the membrane filter.
Compressed air can be forced to inflate the membrane and compact the cake in situ.
The membranes are flexible and are able to stretch and take the shape of the recess as
required
(2) Tubes presses are similar to the above but their geometrical configuration is
cylindrical rather than rectangular
(3) Belt presses are used for sludges. A flocculated sludge is fed to the press where it
is mechanically squeezed between belts /filter fabrics.
Belt filters are rather more complicated in their concept than either variable chamber
or tubes presses, making maintenance , inspection and cloth replacement more
difficult. The first two categories are generally only suitable for use in a batchwise
fashion.
5.3.4 VACUUM FILTERS

In vacuum filtration suction is applied to the filtrate with liquid piston type rotary
blowers, in smaller plants water Jet pumps are used. Because of the usually slight
pressure drop , the term vacuum filtration is not wholly correct and the operation is
sometimes called suction filtration. All vacuum techniques like other cake filtration
methods employ a porous filter medium to support the filter deposit. However unlike
other filter forms, vacuum filtration employs a low driving force.
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Commercial batch filters are not common, the main type in use is the vacuum
Nutsche which can be used for quite large industrial separations. The cake can be
discharged by ploughs or rakes. There are three main types of continuos vacuum
filters; rotary drum, rotary disc or rotary horizontal.
5.3.4.1 Rotary drum

The principle of operation is as follows; a drum rotates with its circumference dipping
into a tank of slurry from which the filtrate is drawn and the cake is deposited on the
drum surface. As the drum rotates the cake becomes drier and is eventually
discharged by the action of a scraper or a belt.

5.3.4.2 Rotary Disc.

This comprises of one or more circular disc mounted on a common horizontal shaft
which is driven so that the disc rotates. The lower part of the disc is submerged in the
slurry and the method of operation is similar to the drum. The most common
discharge technique combines a reverse blast of compressed air and a scraper for
which the cake thickness must be at least 10 mm
5.3.4.3 Rotary Horizontal Filters

This class of continuous vacuum filter is characterised by a horizontal filter surface in
the from of a table , belt or multiple pans in a circular arrangement. The principal of
this filter type is the same as the drum or disc, the difference being that the medium is
horizontal, these filters can have relatively high capacities and lend themselves to
granular, fast filtering materials and high specific gravity concentrates
5.3.5 CENTRIFUGAL FILTERS

Centrifugal filtration is based on a density difference between solids and liquids; the
particles are subjected to centrifugal forces which make them move radially through
the liquid either outwards or inwards, depending on whether they are heavier or
lighter than the liquid. The centrifugal filter supports the solid phase on a porous
medium usually circular in cross section through which the liquid phase is free to pass
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under the action of the centrifugal force. An important parameter is the permeability
of the filter cake under the applied centrifugal force. Centrifugal separators with
batch discharge of solids may be divided into two groups depending upon whether the
bowl is perforated or solid. Continuously discharging centrifuges are also available.
A diagram outlining the range of available filters is shown in Fig 5.6.
5.4 FILTERS SUITABLE FOR THE APPLICATION
There is an extremely wide range of filters available as briefly outlined in section 5.3.
This section deals with choosing the best filter for the application that it is being
asked to fulfil, that of catalyst filtration
5.4.1 INTRODUCTION
The choice of filtration equipment usually boils down to three main considerations
related to :
• Process factors
• Equipment factors
• Priorities
Process factors are related to the material to be dealt with. Equipment factors relate to
the equipment that is available to do the job. Desirable charcteristies are determined
by the company and these deal with factors that are important to the company. These
characteristics dictate the priorities.
Process factors deal with such matters as the character of the slurry, the throughput
required, and process conditions e.g. whether it is batch, continuous or contains toxic
materials. Performance requirements such as the degree of separation required and
the dryness of the cake are also discussed. When talking to filter manufacturers it is
important that they are told about these factors as they influence the suitability of
some filters to an application. Some basic equipment factors will now be dealt with.
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5.4.2 EQUIPMENT FACTORS

Mode of operation
All processes run in semi-continuous mode in IE8, therefore a batch filter would be
more suitable for the application. Choosing a filter whose cake would continuously
discharge would be unnecessary given that this type of equipment would be generally
more expensive.
Driving force
Gravity filters are usually only suitable for rapidly settling solids, the equipment is
larger for moderate to slow settling particles. Therefore this type is unsuitable for the
application. Some filters are distinguished by long durability. Centrifuges are more
subject to wear, especially in those component parts which come into contact with
solids at high velocities. Some filters have relatively favourable economics, such as
candle filters , filtering centrifuges are considerably more expensive. Vacuum filters
are mainly available for continuous cake discharge and have a large space
requirement. Therefore the most suitable filter for the application is a batch pressure
filter. The next section will look in more detail at this type of filter
5.4.3 BATCH PRESSURE FILTERS
5.4.3.1 Containment

One of the highest priorities is that, the new system must provide increased
containment, particularly in during cake discharge. Plate and frame pressure filters
and some variable volume filters are therefore unsuitable as they require the filter
cake to be discharged manually.
5.4.3.2 Space Requirement

A vertical cylindrical vessel offers certain advantages in terms of convenience,
notably that it fits easily into a confined space. This orientation is almost invariably
used for tubular elements which can be inserted vertically from the top. Vertical
vessels are also used to house vertically mounted leaf type elements these being
arranged either parallel to or across the axis of the vessel.
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5.4.3.3 Cake discharge
It is desirable that the cake can be discharged easily and both as a slurry and as a
dewatered cake.
The choice between a vertical and a horizontal filtering surface must take into
account two conflicting factors, both of which arise from the fact that the cake has a
natural tendency to fall off either a vertical surface or the underside of a horizontal
one. On the one hand, this tendency aids discharge of the cake at the end of the cycle,
on the other it presents the danger of cake falling off at a premature stage, when
operation is interrupted for any reason. In view of this concern with the tendency of a
cake to fall off, it may seem strange that there should be much need to devise
techniques to assist cake discharge. Nevertheless the fact that there are so many
different devices and techniques is evidence enough of the need for them. This
apparent anomaly is easily understood when it is realised that during filtration the
essential requirement is for the entire cake to remain in position, since any small part
falling off will present a route whereby wash liquor will bypass the main cake; by
contrast, at discharge the necessity is to remove all of the solids from the entire filter
surface so that the whole surface will be available for the next cycle.
A related aspect is that it may be desirable to discharge the cake either as a relatively
dry solid or after reslurrying it with fresh liquid. Discharge of dry solids, however
obviously presents more difficulty unless the vessel is opened and demands either an
ample wide bottom outlet through which the cake can fall or a suitable screw
conveyor. Certain methods to dislodge a cake can be applied to either wet or dry
discharge, but others are applicable only where the cake can be accepted as a slurry.
The first category covers the use of all kinds of vibrating devices whereby the
elements are subjected to some kind of shaking; this may impose a vertical motion by
means of an externally mounted shaker or a lateral motion by means of an external
vibrator connected directly to the elements. Wet discharge spray jets or compressed
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air may be used alone or together with one of the vibration type devices. More simple
reversal of liquid flow is also sometimes used but there is considerable danger that
only part if the cake is discharged unless special precautions are taken.
The chosen filter must be able to discharge the filter cake as a wet slurry type cake
and as a dewatered cake.
5.4.3.4 Heel Filtration
The heel of unfiltered slurry which occupies the filter vessel at the end of a filtration
phase is a frequent source of operational difficulty. Using vertical elements, it cannot
be disposed of, or even significantly reduced by attempting to use gas pressure to
complete filtration. A common device is therefore to install a horizontal filtering
element in the base of the filter as a "scavenger plate".
5.4.3.5 Filter Specification
The filter range was narrowed to a batch pressure vessel that was capable of safe and
contained discharge of both wet and dry cakes and capable of filtering the heel with
out difficulty . The filter should also have washing and drying capabilities. Several
manufacturers were contacted and supplied with process information and this filter
specification. Three vessels were looked at in more detail. These were the Schenk,
Filtroba and Fundabac. Their method of operation is now outlined.
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5.4.4 SCHENK ZHF HORIZONTAL PLATE PRESSURE FILTER
This filter belongs to the leaf filter category and is generally described as an
automatic pressure leaf filter for hard to filter products. The general operating
principle is as follows.
Filter leaves are mounted on a hollow shaft in a vertical cylindrical pressure vessel.
During filtration slurry is pumped into the vessel and the solids accumulate on the
upper side of the plates covered with an appropriate filter medium. The filtrate flows
through the filter medium and the filter medium carrier to the hollow shaft. Once the
main filtration is completed, the residual slurry (heel) is filtered off over separately
connected scavenge filter leaves located in the lower section by means of compressed
gas. The cake is discharged by centrifugal force produced when the plate stack
rotates. Wipers, connected to the hollow shaft convey the solids to the discharge
outlet. The discharge from the filter is through a 12" nozzle located at the bottom of
the vessel. A 12" butterfly valve is used. In order to achieve maximum containment
of catalyst during discharge an inflatable bagging head is required.

Fig. 5.7- Schenk Filter
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5.4.5 KETEMA’S FILTROBA HELICAL FILTER
The suspension is pumped into the pressure vessel, where flow occurs uniformly
across the surface of the helical filter element. This uniform flow results in an even
cake formation. The clean filtrate flows through the interior of the helical filter
element and out the filtrate outlet. Rapid- settling particles can be kept in suspension
by rotating the helix to create an upward current. The small amount of residual feed
suspension or wash liquid in the vessel is filtered through a remnant filter element
located at the bottom of the vessel. Nitrogen is introduced into the pressure vessel to
filter this remnant. For a displacement wash , liquid is pumped into the pressure
vessel and subjected to the same flow pattern as in the filtration process.
Alternatively, the cake can be thoroughly cleaned by re-suspending it in wash liquid
through rotation of the helix.

Waffling

Heel Filtraion

Filtration

Drying

Cake Discharge

Fig. 5.8 Operation of Filtroba Filter

Heated gas or steam can be introduced into the vessel where it passes through the
cake into the helix interior and out the filtrate outlet. Alternatively the helical element
can be fitted with internal tubing. A heating medium is introduced into the tubing
under the cake while a vacuum is applied to the vessel. The discharge solids are
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loosened from the filter element by spinning the helix. This rotational action also
conveys the loosened solids to the bottom of the pressure vessel. A scraper which is
integral with the helix, then discharges the cake through the outlet into a closed
receptacle.
5.4.6 DR. MULLER FUNDABAC® FILTER

The Fundabac® filter is a closed -system pressure filter. It consists of a vertical vessel
and vertical filter elements as shown in Fig. 5.9 .
The filter elements themselves consist of six perforated tubes and one central solid
wall tube. These bundles are kept together by welded end pieces, at both ends of the
filter elements which are suspended from the horizontal register. The actual filter
medium is hose shaped. It is pulled over the filter element and sealed at both ends
with hose clamps or wedge rings. The registers also function as manifold-lines
through which the filtrate, issued from each candle, flows from the pressure vessel
through the filtrate nozzle into an external collector manifold.

Fig. 5.9 Fundabac Filter
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During filtration the product fluid is pressed through the filter medium. The solid
phase builds up on the surface of the filter medium, where it forms a uniform cake.
The filter cake remains on the filter elements due to their concave-convex profile and
a continuously maintained pressure differential. The filtrate flows downward through
the six peripheral filter tubes, rises inside the central tube and leaves the filter via
registers mounted in the upper portion of the pressure vessel.
1. Cend-al Tube
Filtrate collector with solid wall for
total dsiplacement of filtarte from
filter
2. Filter tubes
Support for filter medium, tube
bundle with apertured walls
3. Typical aperatures on filter tubes
4. Filter medium
pressed against the bundled filter
tubes during filtration
5. Filter cake
6. Collection chamber
Connects central tube (1) with filter
tubes (2)
7 Filtrate
Exits the filter element through
central tube

Fig 5.10 - Filter Candle

At the end of the filtration cycle, the heel of the unfiltered product left in the filter
must be disposed of, in order to subject the residue-cake to further required
processing, two systems of disposal can be used depending on processing conditions.
These are (1) filter drainage and (2) heel volume filtration.
(1) Draining of the filter
This is the standard method of disposing of the unfiltered heel. It can be used if
batch integrity is not a quality issue. Compressed gas is applied to the filter vessel in
the direction of the filtrate which pushes the heel through the drain into the feedbuffer tank. The filtrate line is kept open during this step which cause the gas to flow
into the candle, following the direction of filtration, and fully displacing all liquid in
the filter cake and from the candle.
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(2) Heel Volume Filtration

This is a patented process by Dr. Muller. The filter pump takes the volume from the
bottom of the filter vessel and returns it to the vessel through the central nozzle at the
top, where the heel is sprayed with gas pressure. The spray is pressed through the filter
elements by the gas pressure, until there is no more heel left in the vessel. This is
illustrated in Fig 5.11.
Irrespective of the method used for emptying the filter, the cake still adheres to the
filter elements allowing thorough washing of the cake in-situ. There are two washing
procedures, displacement washing and spray washing. The application of spray
washing very significantly reduces the consumption of the wash fluid.

a. Spraying of heel
volume
b. Moist Cake
c. Riser center tube in
element
d. Heel volume or wash
fluid
f. Spray nozzle
g Filtrate
h Nitrogen

Fig 5.11 Heel Volume Filtration using Fundabac® Filter

In order to obtain a denatured cake after the washing step, a gas is applied to the
filter. This step is continued until the required level of residual water is reached. The
geometry of the filter elements, allows the cake to adhere to the cloth throughout the
execution of all the above steps. Upon completion of the above stages, the cake is
ready to be discharged from the filter. A brief, shock-like surge of gas, is applied
counter-currently to the direction of filtration on the inside of the filter elements. The
filter medium is billowed outward by this sudden shock. The appearance of vertical
cracks in the filter cake are immediately evident and the cake is then thrown off the
filter cloth. Cakes of thicknesses varying from 3-50 mm are completely thrown off
and discharged in this manner. The design of the registers allows a group of registers
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to be blown-back and the cake discharged one group at a time. This procedure ensures
the complete removal of the cake

1. Central Tube
Blow -back entry
2. Filter tubes
which distribute the blow back medium
3. Typical aperatures on filter tubes
4. Filter medium
Lose their "tulip" shape and assume a
cylindrical form
5. Filter cake
6. Collection chamber
Connects central tube (1) with filter
tubes (2)

7. BI0W back medium e.g nitrogen
causes the throwing-off of the filter cake

Fig 5.12 Discharge of cake from candle

5.4.7 CHOICE OF FILTER
All three filters were capable of meeting the demands previously outlined. Each
manufacturer was supplied with process details, the required separation and
throughput required and each sized and costed the filter.
In the end it was economics that dictated which filter was chosen.
Filter
Fundabac
Schenk
Filtroba

Cost of Hastelloy
Unit (IRP)
£ 42,000
£152,000
£135,000

Table 5.3- Filter Economics

The Dr. Muller Fundabac was deemed the most suitable replacement option, it
fulfilled all criteria and was the most economic option. It was significantly cheaper
than the other two options because of the simplicity of design. The others, because of
their rotating parts and drive units were, more expensive and would require more
maintenance over their life.
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5.5 PILOT PLANT TRIALS
5.5.1 INTRODUCTION
Dr. Muller's Fundabac® filter was selected as the best candidate for calmic
replacement. However before any significant capital investment would be made , it
was necessary to test the filter in operation. Pilot plant trials using a test filter were
arranged during the campaign of Process A2. The objectives of this trial were to test
the following:
Ensure that the filter was suitable for application
The filter must provide improved containment ( Monitoring to prove this)
Ensure processing time < current filtration time
Cake could be discharged as a sluny /dry product
Ensure that there was no cake hold-up during discharge
Filtrate clarity met required specification of < 10 ppm carbon
Clarity would be maintained over a number of lots
Easy to clean /dismantle (for turnarounds).
If the above criteria were met, the remainder of the trial would be spent learning more
about the operation of the equipment, deciding upon the level of automation required
and highlighting disadvantages /problems that could be captured at the design and
manufacture stage and specifying the most suitable filter cloth i.e. optimising its
operation.

Fig. 5.13 Pilot Plant Unit
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5.5.2 TRIAL SET-UP

This trial was designed to mimic the plant operation as much as possible A schematic
of the set-up is shown in Fig 5.14. This section will address how this was achieved and
discuss the differences and their implications on the outcome.

1.\fent
2. AffTQ fordnifiing ofGIter
3.Ai/N2 forbeclflkmon
4 kkfKl fortbichaiKeofcalce

5, Plre-fitrtfion- rttum offtlnlE
6. Fiknle outlet
7 Not in use-Wiiii outlet
8. Product Inlet
9 Orshsge/Semple point
10 SoivoitWah niet
11 OtWWashinId
12. Hed volume FiltBlbn
13 Notifluse
14 Hed fltntionrebm

On dr le Oral
» U S Gog

Fig. 5.14 Schematic of trial set-up

5.5.2.1 Hazard and Operability Study

A HazOp was undertaken a few weeks before the start of the trial to help ensure the
operational success of the trial and identify and eliminate potential safety hazards. The
trial plan and procedure were discussed and in summary the following concerns were
raised:
•

Trial procedure to be reviewed with Dr. Muller.

•

Ensure all relevant utilities were present in the room, e.g. high pressure N2,
solvents. Arrange supply if not.

•

Assure that the feed pot could provide sufficient agitation to ensure the feed
contents were well mixed and a uniform feed was achievable.

•

Equipment should be bonded and earthed to prevent static hazards and a nitrogen
purge on each vessel containing solvent to prevent a fire hazard.

•

Sufficient extraction system in the room to prevent odours.

•

Modify the exit line from T-A, installing cam-locked connections to ensure a
large sample could be removed.
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5.5.2.2 Differences Between Trial and Plant Set-up
The main differences between the current plant set-up and the trial set-up are as
follows:
•

Fall filter: In the plant set-up a triple (30") pall filter is present on the filtrate line
to act as a final polisher. This is changed for each batch. The trial had no pall filter
so the filtrate clarity was as a result of the Fundabac filter alone. The idea of this
was to give a worst case scenario, to investigate whether the Fundabac could
achieve the desired clarity without an additional pall filter .

•

Absence ofagitation in the receiver drum: The receiver drum was acting as T- B
whose contents (filtrate from T-A) are normally mixed at 70 rpm. A one litre
sample was taken from this tank after the batch has been filtered and submitted for
ppm carbon content There was no agitation on the drum in the trial however. This
meant that the contents were not uniform and the sample would be
unrepresentative. The carbon particles if present would float on top of the liquid so
if a sample was taken from the top, it would represent the highest carbon
concentration. This could then be verified by taking a sample from the bottom of
the drum.

•

Material Used: For any pilot plant trial to be successful, it is desirable that actual
plant material be used. However production problems leading to low yields meant
the amount that could be removed for the trial was limited so an alternative route
was taken. The function of this filter was to remove spent catalyst not to isolate
product, it was therefore allowable that the filter could be tested under the
following conditions;
(1) Carbon catalyst + water
(2) Carbon catalyst + water + solvent
This would be sufficient to determine the operating capabilities of the filter . These
runs would be used to optimise the operating conditions of the filter and determine
whether it was suitable. Once these were established, product would be sampled
from the process. Removal of the sample would be confined to a maximum of two
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lots only. The reason for sampling only two lots was based on the fmanical cost as
a result of reduced yields from the sampled lots. Once the product sample was
filtered successfully , further runs could be carried out by re-adding fresh catalyst
and re-filtering.
The filtration area required to filter an entire batch had been sized by Dr. Muller
2

2

engineers, to be 3m . The pilot unit had a filtering capacity of 0.16 m ,
approximately 5% of the requirement. Therefore pilot plant quantities were based
on 5% of the plant batch size to be filtered. The sample would be removed from a
well agitated tank to ensure that is was representative of the batch. The quantities
to be used for each run are shown below in Table 5.4.
Sample size= (Area ofpilot filter/Area offull scale filter) x Batch Size
Option
Plant Material
Catalyst

H^O
IMS
Total

1

2

3

-

-

120

2 kg
1201

2 kg
69 I

-

120

51 1
120

-

-

120

Table 5.4 - Trial quantities

Pump Set-up: It was anticpated that the main difference between the trial and
future plant set-ups would be the pump set-up. For the trial two pumps were used
as shown in the schematic Fig 5.13, one to feed the filter and the other for the heel
filtration. In the plant model it is anticipated that only one will be necessary and
will be sized to fulfil both functions. Two pumps were necessary for the pilot unit
because of the piping set-up. Most of the piping was stainless steel flexible hoses
which would have to be switched around during a run between the filtration and
heel filtration stages, spilling contents onto the floor. It was decided to use two
pumps therefore for safety reasons and this would have no implication on the trial
outcome.
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5.5.3 OPERATION OF EQUIPMENT
Fig 5.15 outlines the process steps used when operating a Fundabac filter. These steps
are then expanded upon in more detail.
5.5.3.1 Preparation Steps
Sterilisation
The equipment used in the trial was flushed with a number of solvents to remove any
trace contaminants. This was carried out once before the trial began and was not
repeated after each run.
Make- up of trial quantity
The trial sample was made -up at the start of each run according to the quantities
outlined in section 5.5.2.2
Inertise
Each piece of equipment was bonded and earthed using earthing straps at the start of
each run. Because of the presence of solvents a nitrogen purge was applied to the main
equipment items and vented to the extraction system in the room.
Agitation offeed suspension
It is essential to have the feed well agitated to ensure the dispersion of the carbon and
a uniform feed as uneven feed of solids leads to uneven quality of filtration. The feed
was agitated in the catalyst make-up drum for two hours before proceeding with a run.
5.5.3.2 Process Steps
Filling offilter
The filter can be filled either by using a pump or gas pressure or by gravity. The
standard pump method was used for the trial.
Procedure: Suspension from the make-up pot was pumped through the inlet nozzle in
the cone. The vent and register outlets were open until the level is high indicated by
suspension visible in the vent line.
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Cloth Cleaning

Application: If pieces of cake from the previous batch remain at the top of the
candles and cannot be discharged, they can be resuspended in the liquid.
Procedure: The filter , full of liquid from the filling step, is blown back through the
registers using nitrogen gas. In cases where the cake pieces can be released easily then
all registers are blown at the same time, otherwise one group of registers can be blown
after the other. This procedure is normally executed between the filling and pre
filtration steps. It requires the vessel to be refilled again as a certain amount of liquid
has left the vessel through the vent line.

Fig.5.17 Cloth cleaning

Refilling

Application: This is necessary after the cloth cleaning cycle in order to have a
completely filled vessel prior to the pre filtration/filtration steps. It corresponds to the
filling step.
Procedure: Feed the suspension from the product tank through the filter inlet, register
outlets and prefiltrate lines. When the suspension level in the filter reaches the
required level (as in filling step), close the vent.
Pre filtration

Application: This step is necessary if process requirements are such that they cannot
tolerate higher concentrations of solids during the first few minutes of filtration. It is
used to clarify the filtrate prior to filtration.
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Procedure: Product slurry is pumped through the feed pump into the bottom of the
filter. The register outlets and prefiltrate line are open . The cloudy filtrate is
recirculated into the feed tank until the filtrate is clear.
Filtration Step
Suspension is pumped from feed tank through the inlet nozzle on the bottom cone. The
register outlets and filtrate line are open. Filtrate is now directed in to a receiver vessel
and is no longer recirculated.

Fif*. 5.18 Prefiltration

Heel Volume Filtration
Application: If batch integrity is a process requirement then this step is necessary.
Procedure: The unfiltered heel is sucked from the bottom end of the filter and sprayed
back into the filter through a spray nozzle.
Draining offilter
Application: This is the standard way of draining the filter if batch integrity is not an
issue or if pump fails during filtration. It enables the suspension to be returned to the
feed tank until the problem is rectified without losing any product.
Procedure: The filter is drained using gas pressure. Gas enters the filter and presses
the liquid heel through the heel volume outlet in the cone of the filter back into the
buffer tank. During this procedure the filtrate lines are kept open to guard against a
positive differential pressure on the cake.
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Cake Washing

1 .Spray
Applications: This type of washing allows a shorter cycle time to be achieved and less
wash liquid to be consumed.
Procedure: Similar to heel volume filtration. The wash liquid enters the filter at the
top where it is sprayed through a spray nozzle.
2J)isplacement Washing
Applications: Used for easily cracking cakes.
Procedure: As for filling, filtration and heel volume steps of suspension fluid.
Cake Drying

Application: Drying is used as a means to mechanically dewater the cake.
Procedure: The gas enters the filter and passes through the filtered cake from the
outside to the inside, thus removing any free liquid between the solid particles.
The remaining liquid in the filter element is displaced by the gas and is collected via
the registers. The filtrate flow or lack of it can be used to determine whether there is
any remaining liquid inside the filter. Gas consumption is measured using a flowmeter.

Fig. 5.22 Spray Washing

Fig. 5. 23 Blow-drying

Fig. 5.24 Cake Discharge
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Displacement
Application: Complete discharge of the cake in a safe manner can be achieved.
Procedure: The formed cake is displaced from the filter cloth into the filled filter by a
pulsing blow back. Each filter element is subjected to a reverse gas flow pressure
shock, pressurised gas is passed into the element from the filtrate side which blows up
the filter cloth around the tubular element causing the cake to crack.

5.5.4 PARAMETERS AND THEIR MEASUREMENT
The following is a list of the parameters that were monitored during a run.
• Flowrates : The filtrate flowrate was measured using a graduated cylinder and timer
arrangement to determine the effect time had on the length of filtration. The nitrogen
consumption was monitored using a gas flowmeter.
• Filtrate Quality: The filtrate was sampled both from the drum that acts as the
receiver and from the filtrate line. It was then analysed for carbon content to determine
the ability of the filter.
• Pressure: A pressure gauge on top of the filter allowed the pressure to be monitored
and checked to observe whether it changed over time or with different stages.
• Cake Residual Moisture: This was measured to determine the effect the length of
drying has on the moisture content of the cake. Discharged cake was sampled and
submitted for a level of dryness test (LOD)which is an anlysis of the moisture content.
• ”Hang up" in filter. At the end of each run, the filter cake that was discharged was
weighed. Once its residual moisture content has been determined , the approximate
hang up, or the amount of cake that remained in the filter, could be estimated using the
following equation.
Hangup infilter= Only of catalyst in feed - Only of cake dischargedlOO-LOD) iOO)
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5.5.5 TRIAL RESULTS AND DISCUSSION

A total of fifteen runs were carried out, allowing different parameters to be adjusted
and their effects measured The results and discussion are not presented separately for
continuity purposes.
5.5.5.1 Containment

The main reason that this project was undertaken was to improve the level of
containment around the filtration operation particularly during the cake discharge.
During the trial, the cake was discharged in a contained manner into a drum placed
underneath the bottom of the filter. Inside the drum was a liner, which was taped to the
bottom of the filter (see fig 5.14). An inflatable seal would be required in the plant
model to ensure that this liner is secure. Once the cake is discharged, the seal would be
deflated and the liner removed from the bottom of the filter and securely tied. This
would be the only time that the operator would be exposed to the filter cake, compared
with between 3-4 hrs during the current cake discharge. During the trial, badges that
detected solvent levels in the atmosphere were worn. These allowed comparisions to
be drawn between the solvent exposure level when operating the Fundabac and when
changing calmics. These are tabulated in Table 5.5.
Solvent tested : Toluene
Lilly Exposure Guideline: Level II - 75 |ig/m^
Action Limit: 35 pg/m^
Calmic Operations :30-40 pg/m^
Using Fundabac:< 2 pg/m^______________________

Table 5.5 Solvent Exposure Results

Having personally changed calmics to get an idea of what was involved it was easy to
see why concerns were expressed over the level of containment or lack thereof Parts
of the cake would break off and fall from the filter papers onto the floor . Solvent
monitoring of this operation for the last number of years always showed that this was
one of the least contained operations in the building. Operators were invited to see
how the Fundabac pilot plant unit operated, particularly during the cake discharging
stage. Each expressed their satisfaction with the procedure and the level of
containment it promised.
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5.5.5.2Processing time
The trial quantity was sized from the plant model in order to establish the expected
processing time. As the filtration step was part of the rate limiting step for the process,
S'

It was important that the Fundabac filter did not increase the filtration time above the
current value. The filtering area of the test unit was 5% of the filtering area required to
filter a batch, so 5% of the normal batch size was used in the trial. This meant that the
filtration time of the pilot unit could be taken as the expected processing time for the
entire batch. A schematic of the entire filtration cycle can be seen in Fig.5.25 . Times
are based on a fifteen filtration runs.

1.5%
10.8%
m filling
^ filtration
^ heel filtration
I

46 2%

I washing

■
Wk

discharge

Pie 1

Fig 5.25 Schematic of Filtration cycle

The drying time can vary from 0-15 mins, according to the residual moisture level
required (see cake drying ).This gave a cycle time of between 58 and 73 mins.
Filtration time made up approximately half the overall cycle time. It is interesting to
note that the heel fi ltration step almost takes up the same length of time as the main
filtration, because the filtrate flow decreases with increased filter cake.
The only difference in processing time between the "simulated" batch and real product
batch was the time of the latter increased by approximately 5 mins. The current
filtration time for process A2 using the calmics averaged 3 hrs. The maximum has
been 5.4 hrs and the minimum 2.2 hrs.
The hydrogenation reaction step is the bottleneck of the A2 process. This means that
the filtration step from the hydrogenator to the next processing step contributes to the
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process cycle time. This is because the hydrogenator will not become available for the
next batch until it has been emptied. Reducing the filtration time by an hour as shown
in the trials would therefore lead to a saving of approximately an hour rig time per
batch.
5.5.5.3 Cake Discharge
The cake can be discharged as a slurry or as a dewatered cake depending on the
application, although it is easier to discharge the latter. This has two advantages;
(i) As a slurry

It is desirable to keep some catalysts wet. If the cake is too dry, this

could introduce a potential fire hazard.
(ii) As a dewatered cake - This would make handling of the spent catalyst easier and
makes it more suitable for regeneration onsite.
Back -pulsing the mounted candles assured that the cake could be discharged easily
and completely. This was verified by weighing the cake discharged and analysing the
moisture content to determine its dry weight, see section 5.3.4. What little "hang up"
was evident was due to the design of the pilot unit. It contained a single candle which
was located directly above the stem of the butterfly valve. This meant that some cake
was caught here, upon discharge. This set-up would be altered in the plant size filter,
as the candle spacing would be such that no candle would be located directly above
the stem of the valve. The discharge step can be automated , but it would be better if
this remained a manual operation for safety reasons i.e. the operator would control the
nitrogen blow back through manual valves and would be present during actual
discharge.
The cake can be discharged sequentially, or by groups. This prevents bridging of the
dry cake solids at the discharge end of the filter and allows for easier handling.
5.5.5.4 Filtrate Quality
Filtrate quality was excellent and easily met the required specification of 10 ppm
carbon. Sampling revealed that it was less then 1 ppm. This was without the presence
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of a pall filter to act as a polisher, although in the plant model, this polishing filter
would still be used.
The carbon content remained low throughout the fifteen runs. There was no evidence
to show that this level of quality reduced over time. The registers (filtrate exits) can be
shut off singly to isolate defective filter cloths if need be. The filtrate was sampled at
the start of the filtration and was found to have approximately 5 ppm carbon content,
(still below the required spec. ) which decreased as the cake built up and provided an
additional filter. Therefore there is no need for a pre-filtration step, where the filtrate
is recirculated back into the feed tank until a desired clarity is reached. As discussed in
section 5.4.2.2 these results were "worst case results" and the filtrate still passed clarity
tests.
5.5.5.5 Filter Cleaning
It is important that the filter can be easily cleaned , so that turnaround time between
products can be kept to a minimum. At the start of each run, the process incorporates a
cloth cleaning step and this prevents cloth blinding. Before the pilot unit was sent back
to the manufacturer it was necessary to ensure that it was thoroughly clean of any
active product. This also served as a test to establish how easy it would be to clean the
filter. The top of the filter was opened and the candle was taken out, the cloth was then
removed and the candle replaced back inside the filter. The filter was flushed with the
clean-up solvent, and rinse samples taken from each outlet. These samples were sent
for analysis to determine the concentration of product left in the filter and the unit was
then thoroughly flushed with deionised water. Each result from the sample taken
during the final rinse was less than 5 ppm. The required level of cleaning is that
product concentration must be less than 25 ppm. This showed that cleaning the filter to
the required specification was easily achieved. However it was noted that a hoist
should be provided to enable the candles to be removed from the plant filter for safety
reasons.
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5.5.5.6 Operating Costs
Personnel

Although the pilot filter was manually operated , the system permits full automation
even for dry cake discharge, but in the interest of safety, an operator should be present
during discharge. This should eliminate the need for an operator to be brought in on
overtime to facilitate the cake discharge, leading to savings of approximately
£16, 000 IRP per annum.
lit Hites

During the trial the following the nitrogen consumption per filtration cycle was noted.
Process Step

Nj Consumption

Cleaning of cloth

30 N CFM/m^

Nj pressure
2 bar g

Heel Filtration

6 N CFM/m^

2 bar g

Drying

30 N CFM/m^

4-5 bar g

Cake discharge

50 N CFM/m^

2 bar g

Table 5.6 - Nitrogen Consumption

Electricity requirements are low because pump is the only electrical piece of
equipment.
Maintenance Requirements

The static elements (candles) with dynamic characteristics(nitrogen blowback) meant
there was no need for rotating or otherwise moving parts. This ensures low
maintenance costs. The filter cloths are easily changed by the operator, a maintenance
fitter is not required.
5.5.5J Operation
As the cake builds up, the pressure builds up in the filter and the filtrate flow
decreases. This is because when the slurry is fed to a clean filter medium, the residue
held up by the medium forms an increasing layer of solids, the filter cake then takes
over the separating function of the filter medium. As the cake thickness increases, so
does the resistance to flow. This means that at a given filtration pressure the filtrate
rate declines. On average the flow decreased from 60 1pm at the start of the run to
approximately 20 1pm at the end of the filtration step which averaged 30 mins. This
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represented a 66 % reduction in flow. A graph illustrating this is shown in Fig 5.26.
The filtrate flow dropped off even further during the heel filtration step. This step time
averaged at 20 mins. This is almost the time as for the main filtration stage and for a
significantly reduced suspension volume. The reason for this is that the filter cake has
been built up on the cloth, and therefore it takes longer for the suspension to be
filtered.
Time
(mins)
0
5
10
15
20
30

Run No.l
(Ipm)
60
50
43
38
38
25

Run No.2
Run No.3
Run No.4
Run No.5
(Ipm)
(Ipm)
(Ipm)
(Ipm)
50
60
50
60
43
50
38
38
27
30
33
33
25
27
21
23
23
25
21
21
19
19
20
21
Table 5. 7 Filtrate Flow with increased time

Run No.6
(Ipm)
60
43
30
20
18
16

70

Run 2

A
Run S

Filtration Time (mins)

Fg 5.26 Graph showing reducedfiltrate flow versus filtration time

The pressure inside the filter increased on average by 0.5 bar for the first 15 minutes of
filtration and then remained constant.
Washing Step

This can be achieved using a conventional method or by spray washing. The purpose
of the washing step for process A2 is to ensure that all the feed suspension is emptied
from the feed tank. For this reason the washing step was carried out before the heel
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filtration to reduce the cycle time of the filter. If the purpose of the wash was to
remove impurities from the filter cake, then the heel volume would have to be filtered
before the wash liquor was added.

Cake Drying
The central tube ensured complete draining of the candle by means of displacement
with nitrogen pressure. Drying times of between 0-15 mins were tested and the results
are graphed in fig 3.28.There is a critical value where any further increase in the
drying time has no effect on the residual moisture left in the cake.
Drying times
Level of dryness
(mins)
(%)
0
67.5
2
65.1
5
64
7
63.2
9
59.6
11
57.6
13
55.6
15
55.7
Table 5.8 - Drying results

Drying Times (mins)

Fig. 5.28 - Graph of level of dryness offilter cake versus drying time

Filter Cloth
The filter cloth should be chosen based on the coarsest one that can retain the particles
but still be fine enough to be inflated by blow-back i.e. low cloth resistance and low
risk of blinding. This causes a higher concentration of solids in the filtrate for the first
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few minutes until sufficient cake has built-up on the cloth to act as an additional filter
itself A prefiltration stage is sometimes necessary if downstream processing will not
tolerate higher concentrations of solids during the first few minutes of filtration. This
decision would be process specific. The filter was first tested using a 5 micron cloth,
and a prefiltration time of approximately ten minutes was necessary. This cloth was
changed for a 1 micron one and the need for a prefiltration step was eliminated.

5.5.3 TRIAL CONCLUSIONS
Following a successful trial, the Dr. Muller Fundabac® filter is recommended as a
suitable replacement for the calmic filter presses, having met the outlined criteria of a
good filter. In summary it provides;
•

A closed system providing increased containment and improved safety is one of
the benefits promised by choosing a Fundabac®. This filter significantly reduces
operator exposure to catalyst and residual products/solvents left on the cake and
reduces the risk of a potential fire hazard.

•

Efficient cake discharge ensures that the time required between lots, to ensure
equipment availability for the next lot's filtration , is significantly reduced. This
leads to a reduction in the current manpower requirements and saves an estimated
IRP £16,000 per year. The filter cloth is designed to last throughout an entire
campaign and need only be replaced during turnarounds.

•

Manual lifting of loads is eliminated, reducing the risk of back injury.

•

For the A2 process it has been demonstrated that the Fundabac reduces current

<g>

cycle time by an hour per batch leading to savings of IRP £6,200 per annum.
Similar improvements may be shown for the other products yet to be filtered using
the Fundabac .
•

There is an additional benefit that the filter will allow development of an option to
regenerate and re-use the spent catalyst at a further date if so desired.

•

The filter can be easily automated, and has low operating and maintenance costs
and requirements.
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The trial provided a worthwhile opportunity to learn about the filter and its operation
before any significant outlay was made. The cost of this trial was IRP £8,500 and the
filter was on-site for two weeks. During the trial, some problems were noticed that
required attention before the filter could be bought. These problems will be outlined in
Section 5.6 -Project Development.

5.6 PROJECT DEVELOPMENT
Once the pilot plant trials had determined that the filter was suitable for the
application, it was necessary to develop the project for financial approval. Deciding
upon the location of the filter, size , material of construction and level of automation
was necessary in order to prepare a detailed cost estimate. Generally this is an exercise
on keeping the capital costs low while achieving a unit operation that is safely
automated and is flexible enough not to become the limiting equipment item, if new
products are introduced.
5.6.1 FUTURE DESIGN CONSIDERATIONS
It makes sense to ask a number of questions now , about possible future process
developments so that the new filter may incorporate the requirements into its design if
necessary.
New products?

As discussed in section 5.2.1 there are four processes that filter spent catalyst from
product slurry in IE8. This meant that the new filter must accommodate all these
filtrations. It was necessary also to plan for future products that might require similar
filtration steps. The research and development headquarters of Eli Lilly in Indiana
were contacted, to determine whether there were any products in the pipeline. There
were no upcoming products that needed consideration
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Bigger Batches?

As the hydrogenator was the equipment limiting device, the batch sizes were already at
their maximum, so the filter could be designed to cover current capacity needs.
Increased Flexibility?

The filter was available with a jacket. Although none of the present operations
required a jacket, at an additional cost of IRP £1000, it introduced increased flexibility
at minimal cost. A jacket would allow filtrations to be carried out at a set temperature
if so desired.
5.6.2 EQUIPMENT SPECIFICATIONS
5.6.2.1 Materials of construction
To determine the required materials of construction , a list was made of all the
solvents involved in the processes and these were then checked against a compatibility
chart. Three filter options were investigated:
(1) All wetted parts and candles stainless steel
(2) All wetted parts and candles Hastelloy C22
(3) All wetted parts Hastelloy, candles PVDF.
These are outlined below in Table 5.9
Filter
Area
(m2)

Mat. of
const.

Candle
Material

Benefits

3

Stainless

Stainless

Low cost

3

Haste

3

Hast C

Disadvantages

Cost
IRP£
with jkt

No flexibility. Material of
construction may limit processes
PVDF
Greater flexibility of
May need to upgrade candles at a
processes.
future date
Hast C
Suitable for all solvents
High Cost
etc.
Table 5.9- Filter Ranges- material of construction

23,333
37,671
52,877

The stainless steel option was the cheapest, however it was unsuitable for process C4.
The Hastelloy option , was expensive at almost double the price, but its material of
construction was suitable for all types of solvents. It was decided to purchase the filter
with wetted parts made from Hastelloy but whose candles were made from PVDF.
This filter was suitable for all current processes and the PVDF candles were suitable
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for a wide range of other solvents with the exception of acetone. These candles could
be upgraded to Hastelloy ones at a future date if necessary.
5.5.2.2 Sizing the Filter
The size of the filter is nearly always rate-of-filtration limited and hardly ever
volume-of-solids limited. The usual apparent wet bulk density of precious metal-on
carbon ranges from 0.35 to 0.45 kg/m^ The catalysts employed by Lilly have a bulk
density of 450 g/cm . The cake capacity of the Fundabac filter for 25 mm cake
thickness is 33 It/m^- The filter area may be sized using the following equation;
filter

= wc ^xFs
Q xp.

where:
■^filter

wc
FS
Qc
Pb

= Required filter area (m )
= weight /quantity of catalyst (kg)
= Safety Factor
2

= Cake capacity (l/m )
= Bulk density (kg/1)

For the A2 process , which uses 40 kg of a catalyst with a bulk density of 0.45 kg/m
2

this gives a filter size of 2.96 m applying a safety factor of 10% .The next standard
2

size is 3 m •
File
The same equation was used for the other processes and their required filtering area
was determined as tabulated below in Table 5.10
Process
A2
C2
C4
Dl

Quantity of
catalyst (kg)

Bulk density
(g/cm^)

40
450
36
450
10
450
10
450
200
1,196
Table 5.10 - Filter Areas Required

Filter Area
(mh
2.96
2.66
0.73
0.73
5.57

1

A filtering area of 3 m was suitable for all but the last process, Dl, which required a
2

filtering area of 6m . However if the batch could be filtered in two sections then a 3m

2

filter would be adequate. This product (Dl) does not run every year in the building but
is scheduled to be produced every 2-3 years. The hydrogenation / filtration steps are
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not the process bottleneck. Filtering the batch in two sections, while increasing the
filtration time does not affect the overall cycle time. The capital cost of buying an
increased sized filter, therefore was not justified given the quantity of product D1
produced.
Upon further consultation with Dr. Muller it was discovered that the next standard size
2

filter was 4.6 m . Its dimensions are shown in the Table 5.11.
Filter Area
(m2)
3
4.6

Filter
Candle
Width
Height
(mm)
(mm)
7
1650
550
7
2500
600
Table 5.11- Dimensions of Filter
No. of
candles

Cost
IRP with
jacket
37,671
42,237

The extra filtering area was achieved by using longer candles. This increased the head
space requirement of the unit as well, but as discussed in section 5.6.3 this does not
cause a problem. As the cost difference between the two models was minimal, it was
2

therefore decided to purchase the 4.6 m filter. The main processing difference
between the two filters is that the increased filtration area shortens the filtration time,
however the heel volume filtration may lengthen as the internal volume is slightly
greater.
5.6.2.3 Valve Specifications
Valves in the filtrate outlet system must open/shut very quickly i.e. < 1 second. This is
the only way of assuring a shock-surge for billowing the filter hoses. Diaphragm
valves are normally not used for this purpose. The types of valves recommended are
either butterfly or ball valve design. During turnarounds ball valves have to be
individually stripped whereas butterfly valves do not. For this reason, butterfly valves
were chosen.
5.6.2.4 Pump Capacity
Normally the filtration pump has three functions : filling the filter, the main filtration
and heel volume filtration. Often a larger capacity is required for filling the filter than
is required for filtration. The pump should be chosen to fill the filter in 4 - 5 mins. A
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filling time of longer than 5 minutes for the suspension fluid is acceptable if longer
downtimes are acceptable. However for displacement washing, the filling step should
not exceed 5 mins, since longer times may cause cracks in the cake. Filling times
below 4 mins, could put too high a load on the filter internals.
5.6.2.5 Electrical /Instrumentation
All instrumentation chosen should be suitable for use in a zone one hazardous area. All
motor specifications should conform to site standard regulations.
5.6.3 FILTER LOCATION
It was desirable that the filter be located within the intermediate rig area, because the
filter was to be used only on intermediate rig products and cross contamination of rigs
was not acceptable. The requirement height of the filter posed a problem, head
2

clearance was required to remove the candles etc. For the 3 m unit the height required
2

was 2.19 m and for the 4.6 m unit, the height was 3 m. The floor elevation was 3.5 m.
It was also necessary to position the filter , so that an inflatable seal and drum (to
collect the filter cake) could be positioned underneath the filter. Therefore no matter
which model was chosen, it was necessary to place the filter between two floors.
Space was limited within the building so it was decided to locate the filter in a side
annex and build a penthouse over the room . This room already contained the catalyst
charging tank where the catalyst was made-up for the reaction. Locating the filter here
would have the benefit of keeping all catalyst operations together and separate from
the main floor area .
It was desirable to keep all equipment, necessary for monitoring the process, such as
instrumentation gauges and a sightglass, on the ground floor. The upper section should
only be used for changing candles during cleanups/tumarounds.
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5.6.4 PROCESS CONTROL
When designing the process control system it must be taken into consideration that the
operating personnel for the filter can supervise the process steps in a simple and
reliable manner.
5,6AA Process step read -out /control elements
The following displays are desirable for reliable remote supervision (i.e. in the control
room);
Read-out elements

•

Step status of the filtration installation i.e. whether it is on the filling or discharge
step

•

Status of valves i.e. open or shut

•

Status of pump i.e. idle or active

•

Readouts from instrumentation, for example pressure, temperature etc..
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•

Alarms e g. failure to reach the high level after a specified time.

Control elements
•

Mode automation : manual or auto.

•

Selector switch step-by-step operation and fully automatic operation.

•

"next step" or advance button.

5.6.4.2 In place instrumentation

It is also necessary to ensure that the operation of the filter can be controlled locally
e.g. in the filter room. The operator needs to be able to monitor the pressure in the
filter and the clarity of the filtrate so the provision of the following items are required.
•

Pressure gauge

•

Sightglass for filtrate clarity

•

Sample points for in-place filtrate inspection.

5.6.4.3 General minimum requirements of instrumentation

•

Automated valves

•

Sensing probes to supervise filling and draining of filter.

•

Supervision of pressure on the pressure-side of the filter vessel, in order to give full
check of release of pressure for opening of the discharge valve.

•

Pressure switch on the inflatable seal to ensure that the seal is inflated before the
cake is discharged.

5.6.5 PROJECT APPROVAL

A P&ID shown in Fig 5.30 based on the specifications outlined in this section 5.6 was
prepared. This was used, together with quotes from the civil constructors and vendors
to put together the cost estimate for the filter.
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The cost of the project was estimated to be around IRP £160,000. The filter itself
made up only a quarter of this cost, so the installation factor was approximately 4. This
was quite high , due to the civil costs associated with modifying the existing building
to house the filter.
The project was submitted for approval from the capital approbation committee and
following a detailed presentation on its operation and the benefits to be gained from its
use , the filter was approved for purchase.
Subject to a delivery time of 5 months for the filter , the unit is due to be
commissioned in February 1998.
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Fundabac Filter
Materials
Hastelloy Filter unit (incl. jacket)
mechanical piping
Mech. mods, to w/room , hoist and sprinklers
Inflatable seal
Civil/ Structural
Instrumentation
Electrical
Total Materials
Labour
Install filter
Mechanical piping
Other mechanical
Civil/Structural
Instrumentation
Electrical
Total Labour
Sub-Total
10% contingency
Sub-Total
15% engineering
Budget Total
Table 5.12 Cost estimate for installing the filter

Capital
IRP£
42,250
5,000
6,500
3,500
17,000
16,720
1,100
91,620
1,000
3,780
2,750
20,000
10,900
2,000
40,430
132,050
13205
145,255
21,788
167,043

5.7 CONCLUSIONS
This chapter was not written with the intention of investigating proven theories of
filtration. The objective was to investigate altemtives to the existing calmic filter
presses. The alternative should provide increased containment, improved safety and
reduced manpower requirements, while maintaining the same processing advantages
currently achieved.
In this case it was vital to understand the operation of the calmics and talk to the
operators about the advantages and disadvantages, before selecting a suitable
replacement The new filter was to retain all the processing advantages of the filter
press whilst addressing the disadvantages.
The choice of available filters was immense and by looking at the process and the
equipment and company priorities , the range of suitable filters was narrowed to batch
pressure filters. Three filters were investigated in detail; the Schenk centrifugal
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discharge filter, the Filtroba helical filter and the Fundabac candle filter. Economic
considerations dictated that the Fundabac was the most suitable replacement option.
A pilot plant trial using this filter was carried out to investigate the suitability of the
filter for the application and to optimise its operation. The filter performed well and
was deemed suitable. It retained the advantages of low maintenance requirements and
allowed the filtrate quality to meet the required process specification. The cake would
be washed and dried and discharged in a contained manner. It reduced personnel
exposure to solvents and products and improved upon a significant fire hazard through
its increased containment. High manpower requirement previously needed for cake
discharge would also be reduced. Further development allowed the operation of the
filter to be automated and a filter was chosen whose size and material of construction
made it suitable for a wide range of products both existing and future .
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CHAPTER SIX

Conclusions and Further Work

Chapter Six- Conclusions and Further Work

SUMMARY

The structure of this thesis has been such that conclusions have been drawn at
the end of each chapter regarding the unit operation and additional
improvement options recommendedfor further investigation.
This chapter discusses the overall aims of the research program, and whether
these have been met. It attempts to show the effect any changes implemented
had on the production facility as a whole under the headings of cycle time
benefits, environment and health and safety.

The effect that this study had on other Lilly sites and the benefits to be gained
by other pharmaceutical companies is also discussed.
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6.1 PROJECT AIMS
The overall aim of this research work was to develop and implement changes that
would lead to economic benefits for the company in the form of reduced cycle time.
The objective of any operating company is to maximise profits. This could give rise to
sub-objectives. These may be to reduce investment, maximise yield, reduce labour
requirements, reduce maintenance and operate safely.
The reduction in the cycle time of several products was indeed achieved and is further
outlined in section 6.3.2.1. These improvements satisfied the business objectives and
strategies of the building management. It was the changes in the centrifuging, drying
and extraction operations that led to these benefits.
However not all projects were undertaken with a view to increasing profits. Chapter
five details a project that changed the method of catalyst filtration in the building
which led to improvements in the containment of the operation and to operator health
and safety. There was an economic benefit in the form of reduction in labour
requirements during certain campaigns and a possible reduction in cycle time, but
these would not in themselves justify the purchase. It was due to health and safety
issues that the project was implemented and a new filter purchased. So in effect the
objectives of the research work was expanded to include other benefits . It is by
including health and safety and environmental issues that true optimisation may be
achieved.
At the start of each chapter , the objectives of that chapter were clearly outlined, with
the outcome of the project and whether these aims were achieved or not, stated
towards the end of the chapter.
Significant economic benefits have been realised without injury to the environment or
safety. Overall it was felt that the project was successful, both from a technical
perspective and business process perspective. .Many different alternatives for process
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improvements were investigated with some under serious evaluation and
improvements were implemented that have led to cycle time, environment and
operator health and safety benefits.
6.2 PROJECT LIMITATIONS
The limitations placed on the project have already been outlined in section 1.2.2 .
They are now discussed again, with respect to how the choices made at the start
affected the overall project outcome. Following a preliminary analysis, it was decided
to limit the scope of the project in several areas.
6.2.1 CAMPAIGNED BUILDING
It was decided to concentrate efforts within the campaigned building of IE8. The high
turnover of different products meant, with the exception of equipment
commissioning, less emphasis had been placed optimisation. This was understandable
given the duration of some of the product's campaigns.
The advantages of choosing this building was that there was more room for
improvement there, than in the other building IE3, whose equipment rigs were
product dedicated. This meant that significant results could be achieved faster. The
dedicated products in IE3 had already been investigated with a view to process
optimisation.
However the nature of the production schedule meant that for some products, only a
small "window of opportunity" existed to develop a base line case, analyse the results,
suggest improvements options and then implement the changes. Significant results
reducing the cycle time of one product, might have quite a low impact on the overall
building status, if only a few lots of this product was produced per annum. In a
dedicated building smaller improvements may have more economic benefits because
of the sheer volume of product produced.
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High volume products in IE8, that occupied more time on the equipment rigs were
singled out for this reason. Their increased rig time allowed for longer lengths of time
to formulate and investigate improvements and also any results would have bigger
economic returns.
Overall the choice of limiting the study to the IE8 production building was a good one
and significant benefits have been achieved for this manufacturing area.
6.2.2 MANUFACTURING TIME
The total annual rig time in 1E8 is divided up into three stages:
•

Product Manufacture - production of batches through controlled chemical
reactions and isolation as a dry solid.

•

Cleanup - The equipment rig is cleaned of the previous product and is made ready
for the next campaign. Good manufacturing practice and quality assurance
dictates that the equipment must be thoroughly clean of the previous product
processed on the equipment. The level of cleanliness desired is product dependent
but all equipment must be cleaned to a particulate clean level (< 10 ppm of
product).

•

Turnaround- The preparation of the equipment rig for the next production
campaign. It involves maintenance issues that are carried out subsequent to the
cleanup stage

It was decided to investigate the manufacturing stage of the rig only, in an effort to
improve this stage. The manufacturing stage occupied the greater percentage of rig
time and would therefore lead to greater economic results, if it could be better
utilised.
6.2.3 PRODUCT REGISTRATION
The way in which the process was registered could impose certain restrictions on any
study. Once the process bottlenecks were identified, most of the offending unit
operations were separation or purification techniques that were carried out once the
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product was made. This was fortunate in the respect that there were less restrictions
on these stages, than if one was trying to optimise the reaction step of the product.
There were normally more restrictions placed on the reaction stage than on any other
process step. Agitation rates, temperature and pressure ranges, as well as reaction
times were all detailed in the specification, deviations from which would lead to a
change in product quality. Therefore the stricter and more limiting restrictions did not
greatly effect any of the unit operations investigated in this study.
In some respects though the study was indeed limited by the registration document,
for example as the number of extraction stages or solvent employed were specified,
however it was still possible to achieve real benefits.
Additional benefits may have been possible if certain limitations could have been
lifted but the registration of a pharmaceutical in a country can be a lengthy process
and would require input and advice from corporate management and quality
assurance experts. There was a certain reluctance to pursue this route given the length
of the procedure and "red tape" involved.
If the reaction stage of the process was the limiting operation, then the registration
document would have imposed strict and confined limitations, however overall the
registration document did not significantly impact the study.
6.2.4 ECONOMIC LIMITATIONS

Cycle time benefits could easily be achieved through the purchase of additional
equipment, however any benefits would have to exceed the capital outlay in a
relatively short period of time. This study did not investigate this type of issue, it
concentrated on optimising the existing set-up before any significant capital outlay
would be made.
The changes made to centrifuge and drying operations detailed in chapters two and
three did not have any costs associated with them. The risk taken in these cases was.
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that since all the tests were carried out as plant trials, actual production batches were
being risked, if the changes affected the product quality. However under the change
control system, this risk was determined as being acceptable.
In chapter four, which discusses liquid -liquid extraction, two main options, optimise
the current system versus replace the equipment with a different extractor were
investigated. The final decision of which one was chosen for implementation was
determined by economics alone. It was decided to implement the option that
optimised the existing set-up as this had no capital outlay. The benefits from this
optimisation would not have been as great as those obtained through using the Kunhi
extractor but it was a lower risk option.
It should be the common practice in situations such as this, that an attempt be made to
optimise the existing system through modification of the equipment or procedure.
This would normally involve lower capital costs, than replacement options. This will
allow real benefits of any improvement system, that involves the purchase of new
equipment, to be gauged.
The only high capital outlay involved in this research project was the purchase of a
filter used to remove spent catalyst from a reactor outlet stream, that would offer
increased containment. The existing system did not allow for modifications and the
only alternative would be the purchase of a different type filter. In this project, three
options were investigated in detail, each meeting required specifications and
satisfying certain criteria. It was the cheapest option, the Fundabac candle filter, that
was chosen.
Economic concerns are always limiting factors on any project. The aim being, to
achieve as many benefits as possible for the least amount of capital outlay.
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6.3 PROJECT EVALUATION
This section discusses the benefits achieved and evaluates the optimisation procedure
employed. It details the strengths and weaknesses of the method.
6.3.1 OPTIMISATION PROCEDURE
One of the first activities in the study was to define and develop a base case. Amongst
others a base case was felt to be necessary for the following reasons:
•

The student was unfamiliar with the manufacturing procedure used by the
company, the base case allowed a thorough understanding of the process to be
developed.

•

To draw preliminary conclusions about the demands to improve plant operation

•

To assess the potential benefits any proposed change by direct comparison with
the base case (i.e. to bench mark existing practice).

•

To gain credibility with plant personnel

•

To confirm/identily the process bottleneck

Without the establishment of a baseline operation, it becomes extremely difficult if
not impossible to assess the improvement options or even develop them. It allows
efforts to be focused and achievable aims to be developed. When setting out to
optimise the chosen system, it is important to clearly identify the objective:- the
criterion to be used to judge the system performance. The objective will invariably be
an economic one.
It was necessary to determine the bottleneck for each process in the beginning, as it
was pointless to improve an operation whose processing time did not impact the
product's cycle time. Once the bottleneck was determined, the basic approach used
was to divide the operation into convenient sub-operations and optimise each sub
operation separately, while taking into account the interactions between the sub
operations . For example the drying process was divided into three stage:- filling,
drying and discharging and the centrifuge operation was made up of filling, washing
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and deliquoring stages. The decisions made at each stage contribute to the overall
systems operation and to optimise the overall system an appropriate combination of
the individual stages had to be found. In centrifuging, increasing the loading per
section without increasing the deliquoring time would lead to an increase in the
moisture content of the filtercake discharged at the end of the operation, - that could
lead to increased drying times. The optimisation of one unit may be at the expense of
another as detailed above. The centrifuging and drying operations were closely linked.
The centrifuging time determined the fill time of the dryer and in some respects
influenced the drying time also, because of the level of moisture content of the wet
cake it discharged into the dryer. The extraction and distillation stages were also
closely linked, as the amount of solvent used to extract the product then needed to be
distilled. A decrease in the amount of solvent employed would lead to a decrease in
the distillation time and vice versa.

The trial procedure which may involve pilot plant or plant test provided a good
opportunity to assess the new equipment or change under a change management
system which ensured that all aspects of the change were investigated.

The task of formally optimising is formidable if not impossible. One the strengths of
the procedure employed was that the task was reduced by dividing the process into
more manageable units, the key unit operations were identified and the work was
concentrated where the effort involved would give the greatest benefit.

One of the weaknesses in the system was the trial and error method that was used to
determine the optimum conditions once the limiting operation was identified.
Definite improvements have been made but it has still to be determined whether these
conditions are in fact the optimal ones or simply the optimal ones of the set
investigated. This is discussed in section 6.6.
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6.3.2 OPTIMISATION BENEFITS
Each project was undertaken with certain benefits in mind. These benefits appealed to
a range of situations. Cycle time reduction positively affects the business plans of the
company. Environmental benefits help the company comply with ever stricter
imposed regulations and also it is the civic duty of the company to protect the
environment from increasing erosion. Safety and industrial hygiene affects the work
force - the people that operate the process. So improvement to their workplace
through increased containment, reduces any health risks they might be exposed to.
6.3.2.1 Cycle Time Reduction
Cycle time was measured as the time difference between the charging of batch x to
the system to the subsequent charge of batch x+1. A reduction in the cycle time would
ensure that the weekly throughput of the product increases. Customer demand could
be satisfied and through the better utilisation of existing equipment rig, the purchase
of new equipment is prevented with high economic savings.
The cycle time benefits realised through the implementation of projects savings are
based on cycle time savings per batch times the number of batches produced per
annum.
Savings have been estimated in the order of 1,940 hours per annum or 11.5 weeks of
rig time. This translates into a capacity increase of 7.2 % taking into account that fact
the change is spread over three rigs and there are 52 weeks in the year. This saving
equates into a IRP £300,700 per annum based on current production levels.
Current production levels may increase and because an additional ten lots of one
product was produced as a result of cycle time reductions, it generated finances in the
region of IRP £1.2 million. This increased capacity means that new product lines can
be introduced without upsetting current production levels. The benefit of this is
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difficult to quantify in monetary terms but it is a significant benefit to building
management strategy.

6.3.2.2 Environment
The changes applied to two unit operation favourably impacted the environment.
Liquid-liquid extraction- Following an analysis of the trade-off between
manufacturing costs and yield loss, it was determined to accept certain yield losses in
return for reduced solvent usage. This was an economic decision, however it had
environmental benefits. The handling of a reduced quantity of solvent mean that less
bought in material was purchased and therefore less had to be disposed of or treated.
The method of treatment of the distillate produced from the process is through
incineration in a thermal oxidiser. The reduced loading on the incinerator would be in
the region of 41,040 Its of waste per annum
Catalyst Filtration - Reduced levels of fugitive emissions produced when calmics
were changed. New filter provides for increased containment and may allow for
catalyst re-use in the future.

6.3.2.3 Health and Safety
The change made to the filtration of the spent catalyst following the reaction stage of
four processes has led to improvement of conditions impacting the health and safety
of operatives. This is because of the increased containment offered by the Fundabac
filter, chosen to replace the calmic filter presses. The new candle filter ensures that
operator contact with product, catalyst and solvents is kept to a minimum during this
operation. Exposure levels are now below recommended and action limits.
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6.4 UNIT OPERATIONS

Despite the high number of different products involved (20), the processes themselves
were generally quite similar. Each consisted of a reaction stage followed by
purification and separation / isolation of the product as a dry solid. In all but one
process, it was the separation stages that constituted the process bottleneck. This was
advantageous for a number of reasons. As already discussed the reaction step is
strictly monitored both from regulatory commitment and product quality viewpoints.
The separation stages have a lesser impact on the quality of the product, their main
influence is on the level of impurities present in the final dry solid.
This is mainly because these operations occurred for the most part after the reaction
step. In section 4.5 , problems arose because the extraction stage occurred before the
reaction stage and involved the extraction of a raw material from an organic to an
aqueous base. It therefore had greater influence on the reaction step. Laboratory tests
showed that a reduction in the quantity of solvent used to extract the product,
influenced the reaction stoichiometery and affected product quality and yield. The
change, although it exhibited some cycle time benefits in the form of reduced
distillation times, was rejected on the basis that product quality would be altered. All
other changes implemented did not effect the product quality or regulatory
commitment and could therefore be implemented relatively easily.
Unit operations are process steps where only physical changes occur. Centrifuging
and catalyst filtration involve the separation of a solid from a slurry. In the case of
the centrifuging it is the solid that is valuable as it is the product, in catalyst filtration,
it is the filtrate that is valuable , the solid is spent catalyst. In the drying operation,
excess solvent is removed from a relatively dry solid by vaporising the solvent and
removing it in its vaporised state. It is then condensed to liquid form and sent for
treatment. In liquid liquid extraction , the separation is of a solute though contact with
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another liquid stream, distillation steps are closely linked to liquid-liquid extraction as
this stage removes excess solvent introduced by the extraction step.

6.5 PROJECT IMPLICATIONS

The benefits and implications to the plant in Kinsale have already been discussed.
They take the form of reduced cycle time, solvent usage , environmental benefits and
improvements to operator health and safety.
However while the case studies detailed in this thesis are specific in their application
to the Kinsale site, it would be desirable if the results obtained could be translated to
other sites.
Eli Lilly- World-wide

The results from this study are readily translatable to other Eli Lilly sites word-wide.
It is important that if any one site makes a significant improvement to a process that
this knowledge is shared with other sites.
Centrifuge results and procedures have been discussed with a number of sister sites
which use Heinkel centrifuges and technical advice given to optimise existing
centrifuges. Each site had reported improvements to processing times.
The improvements in liquid-liquid extraction techniques have been reported to the
other two plants that manufacture the product in question. As the proposed change
has yet to be implemented in the Kinsale plant, the other sites are waiting until
Kinsale makes this a permanent change before the changes will take effect world
wide.
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Other pharmaceutical companies

Comprehensive procedures have been outlined that may be applied to any batch
process. Keys to effective pilot plant tests have also been discussed in chapter one.
Although this thesis details specific equipment models, all the equipment discussed
are in use in many companies. For example Heinkel centrifuges are employed in over
100 companies world-wide.
This thesis also emphasised the need to take a "fresh" look at existing operations and
develop trade-off situations for key unit operations to determine optimum economic
results An example of this was the trade-off between yield loss and cycle time
reduction that existed in a process employing liquid -liquid extraction as a separation
technique. This was detailed in chapter four.
6.6 FURTHER WORK
Any suggestions or recommendations for further investigation were outlined at the
end of each chapter. Recommendations described here are of a general kind. The
suggestions mainly dealt with the translation of the results obtained on one product to
other products. It was impossible to implement changes to each project given the
limited time frame of the research. However additional benefits could be obtained if
the knowledge gained was transferred to other products The unit operations chosen
were those that had the greatest influence not just on a single process but on several.
The change was implemented on one product but by following the same procedure,
its results may be transferred to the remainder of the products, hopefully with similar
benefits. For this translation process to be successful it was necessary to hold several
training sessions with plant engineers and operators, so that they became familiar with
the changes and the effects. It shouldn't be necessary to perform detailed optimisation
trials in all cases. Templates were devised to make the whole process easier. This was
particularly true for the centrifuging operations.

198

Chapter Six- Conclusions and Further Work

One of the initial restrictions placed on the study was to limit research to the
manufacturing stage only, as this accounted for the majority of total rig time.
However optimising the cleaning and turnaround time of the rig should also be
investigated. This operation is probably more difficult.
The cleanup stage involves flushing all lines to and from the equipment to remove all
visible traces of product. The main equipment items then receive a solvent boilout
followed by a water boilout. The equipment is then entered for hand cleaning if
necessary. Several samples are taken from each equipment item and analysed for
product content. If these samples fail to meet certain specifications, the equipment is
re-cleaned and re-sampled until the unit is fully clean. Then a final water boilout is
completed.
This method could be improved upon by ensuring that the number of sample failures
are significantly reduced and the number of re-cleans necessary is reduced. This may
be through the use of alternative solvents that are more suitable for removal of
product and through modification of the equipment to include spray balls, bars which
distribute the solvent to all areas of the equipment.
Several dynamic modeling packages are now available that would model the process
and allow the influence increasing the batch size, introducing an aditional vessel to
the equipment train etc. would have on cycle time to be determined. This could have
additional benefits that identify alternative production routes. Aspen's Batch Plus is
such a package.
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